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THE SURFACE OF THE SUN. 
THE EDITOR. 


In the March number of this journal we stated the prob- 
lem of the sun’s distance and mentioned some of the difh- 
culties met in trying to find its value in any known 
terrestrial unit of measure. We briefly noticed methods of 
work, and gave, probably, the best approximate results de- 
rived from all work down tothe present time. Unofficial infor- 
mation concerning work on the last transit of Venus, now 
nearly finished, does not materially change the conclusion pre- 
viously stated. In this connection we desire also to refer the 
reader to a most excellent article by Professor A. Hall of 
Washington, enlitled The Constant of Aberration, and pub- 
lished in the Astronomical Journal (Nos. 169 and 170), 
more especially for the sake of the following paragraph 
which suggests a method of finding the distance of the sun not 
before noticed, and which, in Professor Hall’s opinion, is the 
best that astronomers now have: 

The constant of aberration has an interesting connection with the 
solar parallax. If we designate by k the number of seconds which light re- 
quires to pass over the mean distance of the earth from the sun, by gthe 
angle whose sine is the eccentricity of the earth’s orbit, by MW the mean an- 
omaly of the earth, and by t the time, we have by definition 

k dM 
. = constant of aberration 
cos g dt 
If v be the velocity of light, a the mean distance of the earth trom the sun, 
R the equatorial radius of the earth, and =z the solar parallax then 
a R 
wiaat supe 
and eliminating k we have 
R dM ; 


— . 
cvcos © dt 


-_s 
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We have from observation 


log aM 8.613493 Hansen 
dt 
log cos g = 9.999939 
R = 3963.3 miles Clarke 
v= 296825 “ Michelson and Newcomb 


c = 20.4542 + 0’.0144 (derived above). 
These numbers give for the solar parallax 


- — 8.810 + 0”.0062 


There are two theoretical corrections to be applied to the constant of 
aberration. In the first place the motion of a planet is around the center of 


gravity of the planet and sun, and not around the center of the sun. This 
correction is 
207.45 X m 
Va 
m being the mass of the planet, and a its mean distance trom the sun (BEs- 
SEL, Fund. Astr., p. 132). Since for the earth 
’ 1 
a : 
326800 
this correction is 0.00006, and can be neglected. 
A second correction is required on account of the motion of the solar sys- 
tem in space (BEssEL, Tabb. Reg., p. XIX). As yet we have only rough 


determinations of this motion, since at present accurate observations of the 


stars do not extend over a sufficient interval of time. STRUVE's estimate of 


this motion is 1.6 per annum, the mean distance of the earth from the sun 
being the unit. This motion would give for the correction to the constant 
of aberration 0”.0005, as a maximum which could change the position of a 
star. It is therefore probably too small ever to be recognized by observa- 
tion. The theory of these corrections has been elaborately discussed by M. 
VILLARCEAU in the Conn. des Temps for 1878, where he has treated also the 
motion of our sidereal system. 

Considering the smallness of these corrections, and the accuracy with 
which the velocity of light is known, I think the above method of determin- 
ing the solar parallax is the best that astronomers now have. 


After the solar parallax, we called attention to the 
opinions of some prominent astronomers in relation to the 
constitution of the sun, with some of the objections that 
have prevented a general acceptance of those opinions. We 
now invite attention to a study of the surface of the sun as 
it appears in the telescope, as it is now understood by the 
aid of the spectroscope, and by the assistance of ofthe photo- 
graphic lens. 

The appearance of the sun to the naked eye, properly 
shielded from its intense light, is that of a flat circular disc, 
uniformly bright, if not clouded at the time by very largesun 
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spots. In the telescope with only moderate power, the solar 
surface commonly shows small spots, facule and a gran- 
ular structure whose general appearance is well known to 
all observers, but the full and satisfactory explanation of 
which none claim even now certainly to know. 

The discovery of sun-spots was made in 1610 by Fabricius 
and Galileo, and at this time began progressive study of the 
surface and the constitution of the sun. By careful observa- 
tion of the sun-spots it was first and soon learned that the 
sun has a rotary motion round a fixed axis. To show how 
the spots would appear to move on the solar surface,, the 
following drawing is given which is taken from the observ- 
ing book of one of the subscribers to the MESSENGER and 
belongs to six days of the month of November, 1884. 


La 
ee 





From information like this Galileo claimed that the time 
of the sun’s rotation was about twenty-eight days, and that 
the solar axis was inclined to the ecliptic by a small angle. 
We know that the mean time of the sun’s rotation is twenty 
seven days and nine hours, and his inclination 7° 15’. But 
the most important queries that were asked by all early 
observers were concerning the nature of the sun-spots. The 
difficulties attending detailed observation then to secure 
enough data for any hypothesis gave rise to a number of 
different theories to account for the cause and meaning of 
those spots ‘‘in the eve of the world.”” Jean Tarde thought 
them transits of planets across the solar disc. Simon Marius 
believed in the slag theory. Derham accountéd for them by 
volcanic eruptions; while Lalande and Cassini said thespots 
were rocky elevations uncovered by the casual ebbing of the 
luminous ocean we call the solar surface. So from the time 
of the invention of the telescope for 164 years, progress in 
knowledge pertaining to the sun was limited to an approxi- 
mate period of his rotation, inclination to the ecliptic, and 
spot zones north and south of his equator. 

In 1769 Alexander Wilson said thatspots were openings in 











228 The Sidereal Messenger. 


the bright surface of the sun through which the dark and 
real globe could be seen. His proof was the foreshortening 
of the penumbra as the spot approached the limb, and the 
notch made when exactly on the limb. Herschel carried the 
last theory further, making the central globe cool, solid and 
habitable and the shell of luminous cloud; without the 
source of light and heat for the solar system. The theory 
was ingenious and won a host of friends among the scholars 
until the spectroscope made belief in its splendid imagery no 
longer possible. 

Next in order come the views of Secchi, Faye, Young and 
Langley. In Secchi’s view the spot is formed of a central 
region—apparently a dark mass—called the nucleus or umbra, 
or both, surrounded by a part less dark, the penumbra, 
which is a thin veiling of filaments or currents precipitating 
themselves towards the center and sometimes crossing it like 
abridge. The existence of the spot has three periods, its for- 
mation, its rest and its extinction. In the first, the visible 
solar surface, or photosphere is distorted by great agitation. 
Its irregular movements defy description, and their velocities 
are enormous. They have no parallel at all in terrestrial 
phenomena. This solar activity is produced by tremendous 
forces at work beneath the photosphere, and the spots, and 
eruption of great whirling masses of incandescent metallic 
vapors, are the effects. In the period of rest these eruptive 
masses fall back again into the surface of the photosphere 
and form a more or less circular umbra or spot, and 
the central up-rush loses in volume and _ velocity. 
Finally the eruptive action is exhausted and the absorbing 
powers of the vapors seem to be dissipated, the photosphere 
closes over the umbra and the spot is extinguished. At first 
the spot was a rent in the photosphere, then later it 
assumed the funnel shape in more definite outline, and was 
crowned with beautiful facula and jets of hydrogen and 
metallic vapors, the former being often abundant, high and 
bright, while the latter are low and brilliant. This briefly 
is Secchi’s explanation. 

M. Faye’s study of solar spots agrees in the main with 
the foregoing, and emphasizes in addition some _par- 
ticulars worthy of notice. He agrees with Carrington that 
there exists a simple relation between the latitude of the 
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spots and their angular velocity, but that the parallax of 
depth, estimated at sa of the radius of the sun, must be con- 
sidered, and also, certain oscillations of small extent and 
long period in order to obtain the exact relation sought. 
He holds that contiguous bands of the photosphere are ro- 
tating with different velocities as the results of gyratory 
motions about vertical axis extending to great depth; 
that velocities in the direction of rotation independent of 
mean angular motion are less towards the poles of the sun; 
that the nucleus is depressed in respect to the photosphere; 
that the whirlpools of the sun, like those of the earth, vary 
in size from the pore to the great spot, and that the penum- 
bra of a spot is due to that portion of the photosphere 
which forms around their conical surface at a lower level on 
account of the lessening of temperature produced by the 
whirlpool. M. Faye has most trouble in explaining the 
periodicity of the spots. 

Professor Young adopts M. Fave’s views for the most 
part, but adds significant details of theory with character- 
istic insight and scholarly grasp. He believes that the solar 
globe, except possibly a thin outer shell, is in a gaseous con- 
dition with temperature so high, and under pressure so 
great that chemical interaction is impossible. that the gases 
are viscous and behave more like tar or honey than air; that 
from the under surface of the photosphere there is an im- 
mense precipitation of ‘solar rain"’ descending into the gas- 
eous core; that from the constricting pressure of the cloud 
shell and descending products of condensation, the internal 
gases are forced upwards through the intervals between the 
clouds with great velocity; that the lower portions of the 
chromosphere are rich in all the gases and vapors which 
enter into the sun’s composition; that Faye’s theory he can 
not reconcile with the want of systematic rotation of the 
sun's spots, or their peculiar forms, and that the accelerated 
motion of the sun's equator is the most important of the 
unexplained facts in solar physics which probably, when un- 
derstood, will furnish the solutioa of most other perplexing 
questions pertaining to the constituttion of the sun that 
still face the astronomer of to-day for answer. 

The best way now at hand to bring the substance of the 
forgoing views to the eye is by means of an illustration of 
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the interior structure of the solar envelope given by E. L. 
Trouvelot of France not long ago, in a complete and in- 
structive article on this theme, which the author had the 
kindness to place on our table. The following cut is a re- 
duced copy of a fine lithograph plate accompanying the 
article referred to: 
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SUPPOSED INTERIOR STRUCTURE OF THE SOLAR ENVELOPE. 


The paper was written in French, and it has been trans- 
lated in part that Professor Trouvelot’s own description 
might be given to our readers as another statement of 
conditions, the substance of which may have been read in 
American authors, but the details of illustration have not 
been before so fully attempted. 

‘* The envelope which limits the brilliant surface of the sun, 
named the photosphere, H, H’,formsasort of immense spher- 
ical shell of which the thickness is relatively small. This 
envelope in which are produced openings which are known 
to us under the name of solar spots, is composed of an in- 
numerable quantity of vertical filaments due to the conden- 
sation of metallic vapors projected from the interior and 
held in suspension at nearly the same height as the centre of 
the vapors of comparatively little luminosity, which sepa- 
rate the filaments and hold them at a distance, G, G’.. Each 
of these elementary filaments of which this envelope is 
formed contains in itself all the substances which compose 
it. Itis the same as the vapors that separate them, which 
are formed of the same substance as the filaments which 
form these in their condensation. In reasoning of the fila- 
mentary structure of this spherical envelope of the sun, it 
would be well to distinguish it from the photosphere by giv- 
ing it the name ‘“‘ nématosphere,"’ a name much more appro- 
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priate than that of the photosphere which pertains only to 
the surface of those granulations which compose this envel- 
ope, and over which light is germinated. 

“In the interior of this filamentary envelope, and at a 
certain depth, is a nucleus whose nature is undetermined, 
and which may be either solid, liquid, or gaseous, D. But 
whatever may be the nature of this nucleus, it is certain that 
it is the subject of violent crises, which are, we. may say, 
permanent, and which extend over the entire surface as is 
indicated by the faint gray spots which we see everywhere 
upon the sun, by the minute spots accompanied by faculz as 
well as by the hydrogenic protuberances which we perceive 
all over these latitudes; only these crises are much more 
violent than anywhere else over the region comprised within 
35° each side of the equator. 

‘The crises of the solar nucleus are manifested by formi- 
dable eruptions of hydrogen gas, by metallic vapors, and by 
incandescent dust which, projected to a considerable height, 
are seen to accumulate in clouds of fire in the lower part of 
the nématosphere. Thehydrogen mingled with helium, being 
more light and mobile than the metallic vapors, forms the 
summit of the eruptive column, and, entering between the 
filaments which it disperses, and of which it transforms a 
part into vapors which it carries with it, making a passage 
for itself, rises above the photosphere partly as an invisible 
gas which reaches a considerable height, and partly 
under the form of hydrogenic protuberances, E’, with some 
traces of metallic vapors at their base; or else, if the explos- 
ive force is not so great, it expands simply over the surface, 
where it forms and maintains the chromosphere F, F’. 
Whenever these eruptive jets are less nourished and of lower 
temperature, as sometimes happens at the time of minimum 
spots, the protuberances which result sometimes subside at 
the beginning of condensation and take then the filament- 
ary structure peculiar to the nématosphere. . 

‘‘The vapors, more dense and of considerably more emis- 
sive power then hydrogen raise the temperature of the 
elementary filaments which are rapidly decomposed and re- 
united in one or morecompact masses which lifted to greater 
or less heights above the photosphere, appear under the form 
of groups of brilliant facule, K, and the metallic protuber- 
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ances pertain to the eruptive type, G, G’, which reproduce to 
our eves the form and extent of those eruptive columns lying 
under that which gave them birth. Thus we see that the 
general form of these facular groups is always more or less 
circular, as that of the eruptive columns of terrestrial vol- 
canoes obeying the action of their vents. The phenomena 
which we have just described are peculiar to the zone of 
spots, but in the higher latitudes of the sun, the eruptions of 
the nucleus are much less violent nor do they ever attain 
such grand heights. There is no hydrogen or helium which 
appears even in the filiform envelope and projecting between 
the filaments, rise above it in hydrogenic protuberances. In 
these regions the metallic eruptions only rarely reach even to 
the surface where they form only small and rare facule and 
very few protuberances of the eruptive type. 

‘‘In looking at the effect which the violent eruptions of the 
spot-regions produce upon the material which composes the 
filiform envelope, which rise and are transformed into bril- 
liant faculez and invisible gases, it is possible to think that 
the temperature of these vapors is so high that all the chem- 
ical elements of which they are composed are in a state of 
dissolution (or dissociation). Reaching the upper part of 
the nématosphere the metallic vapors, endued with consider- 
able emissive power and exposed as they are to the radiation 
of space, cool with great rapidity, and their temperature, as 
Wilson thinks, lowers very soon to the point of condensa- 
tion. At this moment it produces a phenomenon almost 
analagous to that described by our eminent compatriot M. 
Faye, only in place of forming small clouds as the savant 
thinks, the metallic vapors take the filamentary structure 
which we have known upon the sun, and they condense at 
the same time into liquids and incandescent dust, while their 
elements, thus far dissociated, combine among themselves ac- 
cording to the laws of affinity. This condensation of the 
metallic ¥apors upon the one side and chemicalcombinations 
upon the other, germinate, where the phenomena are pro- 
duced, that is, at the summit of each of the filaments, that 
enormous heat and intense light which the sun constantly 
radiates into space. This innumerable multitude of centres 
of condensation and chemical combinations, which have the 
summit of a filament for a theatre, form together a brilliant 
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coating exceedingly thin and, we may say, superficial, which 
alone merit truly the name of photosphere, for it is upon this 
that is born that intense light which the sun radiates H, H’. 
As these liquids and solid particles, condensing and throw- 
ing off an enormous quantity of heat, are much too heavy for 
the centre where they find themselves placed, they fall inrain 
toward the nucleus, where the heat causes them speedily to 
return to the vapor state, and at the same time are replaced 
in each of the filaments by the condensation of new vapors 
formed without cessation by the eruptions of the nucleus, 
condensed without cessation by the cold of space. Thus the 
filaments of nématosphere interchange and, in consequence, 
the light of the sun. 

“Or, since it is certain after our observations, that the 
metallic vapors condense in filaments at the surface of the 
sun, it is true that their condensation is made in the manner 
noted above, each granulation which in the sum total, is 
nothing more than the summit of a filament, finds itself en- 
compassed and isolated from its neighbors by a small gas- 
eous envelope composed of the same substances as those 
which form the filaments, of which, condensed in their turn, 
they are destined soon to form a part. As these small va- 
porous envelopes which encompass the granulations owe 
their orgin to the heat disengaged in the act of the condensa- 
tion of the metallic vapors into filaments, as well as to that 
which arises from the chemical combinations which result, 
their temperature will necessarily be lower, and their hght 
less intense, than that of the granulations; so that they will 
appear to us as more or less dark and willform around these 
last a sort of indefinite network resembling that which we 
seeon thesolarsurface. Further, as these vaporous envelopes 
which enclose these granulations are at a temperature lower 
than the last and that, for the rest, they are composed pre- 
cisely of the same elements, they will absorb the luminous 
‘ays emitted by the granulations and will give in conse- 
quence an appearance of obscure rays exactly resembling 
that which we see upon the sun. As the vaporous envelope 
of the granulation extends not only around but also above 
them, if we consider them altogether, they will form a thin 
film continually absorbing which, seen upon the solar edge 
extends a little beyond the photosphere and during total 
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eclipses of the sun, reverse the rays of Fraunhofer, where the 
sun is seen to disappear and again to reappear, I, I.’ 

‘The eruptive columns of hydrogen gas and of helium, 
when they have small force and volume, enter easily among 
the elementary filaments of the envelope, which they disperse 
more or less, and form those pale and light gray and diffuse 
spots everywhere and always visible on the surface of the 
sun, B. When these have more force and volume, these gas- 
eous, eruptive columns are introduced in one point only be- 
tween the elementary filaments which they disperse easily 
and drive from one part to another, forming soon a small 
black spot without a penumbra, without faculz, without 
interior shadows (or clouds or veils), J. With the gas 
always flowing the spot continues to enlarge, and little by 
little it is surrounded by a penumbra due to the light re- 
moval of the lower part of the filaments forming the border. 

‘The incandescent metallic vapors which constitute the 
less elevated part of these same eruptive columns, endued as 
they are, with considerable more emissive power than hydro- 
gen, heat rapidly the elementary filaments when they ap- 
proach them, as often happens over the spot zones, decom- 
pose them, and return them to the gaseous state, and 
mingling with them form these brilliant masses which, lifted 


above the nématosphere, appear to us under the form of 


brilliant facule, K These openings made in the némato- 
sphere by the decomposition and transformation of the 
filaments into facule, and lifting them above the surface, 
constitute the solar spots, L, L’, of which the penumbra is 
formed by the lifting of the lower extremity of the filaments, 
which form and border the edge of these openings, A, A’. 
The solar spots disappear in various ways. In the first 
class they retire (or disappear) gradually, the neighboring 
filaments, loosening, encroach gradually over the opening 
in proportion as the gaseous eruption diminishes and finally 
end by a heaping together. In the second class the phenom- 
enon is much more complex, they disappear sometimes by an 
affux of extensive facule which advance and cover the 
opening, sometimes they are luminous points which sink over 
them and in retaking the filamentary form, enlarge rapidly 
finish by the heaping together; sometimes at the last 
they disappear by condensation over the opening of invisible 
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vapors in shadowy vapors which become flocculent, then 
finally filamentary and transform them little by little into 
veiled spots, N, which are soon effaced entirely by the ac- 
cumulation of the filaments. Ordinarily the causes which 
we have mentioned do not act singly to disperse the spots 
but all at once. 

‘ The facule are almost always formed above the invisible 
openings of the nématosphere, and if they were not held in 
that state by the interior heat which reaches them con- 
stantly through the openings which they cover, they would 
condense very quickly into filaments as often happens. But 
nevertheless they frequently disappear little by little, being 
transformed into invisible vapor and leaving in their places 
the spots which they cover. The last case is scarcely an ex- 
ception to the rule, for the greater part of the time, the 
openings of the neématosphere remain more or less obstructed 
by the facule and often pass away unobserved, kK, or else 
they are only indicated by the small lateral spots which 
are seen at the base of the facula# whenever they are 
near the solar edge but which disappear when these are at a 
little distance. 

‘At present, observation is dumb upon the causes of the 
eruption of the solar nucleus, and we have learned nothing 
either of their periodicity nor of that of the spots, thefacule, 
and the protuberances which result. As their periodicity 
may be real or only apparent, we may conjecture that 
during the minimum periods, the eruptions are more rare 
and less violent and are principally hydrogenic ; while during 
the maximum periods they are more frequent and more ener- 
getic hydrogenic and metallicat the same time. There would 
result the predominance of the solar spots, facule protuber- 
ances and metallic spectacles during the latter periods and 
their rarity during the former. 

“If, as we have supposed, it is true that the heat and 
solar light are due to the interior activity of the sun which 
produces these eruptions of metallic vapors, and which con- 
dense and germinate this heat and light, we may think that, 
unless thesun gathers and assimilates constantly the material 
of space, the day will arrive, however distant we may 
imagine it, when this interior activity diminishing the 
photosphere will not extend over the entire surface as it 
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does to-day, but only over a point of the surface, and finally, 
after alternate action and repose will cease entirely.”’ 

This detailed statemeut of the study of visible solar 
phenomena is given to aid students or interested readers 
in comprehending some of the questions in solar physics 
that the astronomer is trying at the present time to solve. 
The aid given by the spectroscope and the photograph lens 
in this study we have hinted at only incidentally. These and 
the interesting researches on solar temperature by Professor 
Langley must be a reserved for another time. 


(TO BE CONTINUED.) 


A FURTHER NOTE ON STAR DISTRIBUTION. 


BY W. H. S. MONCK 
For the MESSENGER. 

The numerical error in my former note on star distribution 
renders a fresh discussion of some of the questions raised in 
it desirable. The principal of these is the extent of the thin- 
ning of the stars, which takes place as we pass outwards 
from the solar system into space. 

The theoretical multiplier for one-tenth of a magnitude is 

‘not 1.0965 but 1.148, and in trying the reverse process it is 
not + ogs but 448" In summing the series therefore for the 
total number of stars above a given magnitude the expres- 
sion is not 10.363a but 6.757a (where a represents the num- 
ber of starsconfined inthenext tenthof amagnitude). From 

- this follows a curious law which holds good to less than one 
per cent viz.: the number of stars brighter than any given 
magnitude is equal to the number of stars comprised in the 
next half-magnitude. The numbers for the next five-tenths 
of a magnitude will be respectively a, 1.148a,1.318a,1.514a 
and 1.738a, giving a total for the five subdivisions of 6.718a 
against 6.757a as the total number of brighter stars. 

This law enables me to show briefly that the thinning out 
of the stars does not commence until we reach magnitude 
2.5. The total number of stars brighter than 2.0 according 
to the Harvard Photometry is 27, and, according to the 
Uranometria Nova, 25. The number of stars between 2.0 
and 2.5, according to the former authority, is 30, and, accord- 
ing to the latter, 28. Instead of a deficiency of fainter stars, 
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therefore, there is at this stage a slight excess. But at the 
next step the deficiency becomes apparent. There are 57 
stars rated higher than 2.5in the Harvard Catalogue and 
53 in the Oxford one, but the number of stars from 2.5to 3.0 
is only 41 in the former and 21 in the latter. And this defi- 
ciency seems to be maintained down to the point where the 
satalogues can no longer be relied on as complete. 

If, however, we inquire whether the deficiency is maintained 
below this point, the answer is more doubtful. The magni- 
tudes of Argelander agree so well with those of Pickering 
and Pritchard as to indicate that the scale of 2.512 for each 
magnitude has been practically adopted by Argelander. I 
am happy to learn that Professor Pickering is at present 
engaged in researches wich will clear up this question. 
Schénfeld pointed out long ago in a letter to the Observa- 
tory that Argelander’s magnitudes were not reliable beyond 
9.2 or, at the utmost, 9.3. I shall only use them as far as 
magnitude 9, assuming provisionally that Argelander’s mag- 
nitudes down to this point are comparable with those of 
Pickering and Pritchard. Adopting Leebyer’s results (as 
given in the Observatory), I find the following particulars 
for the Bonn Durschmusterung and Schénfeld’s southern 
extension of it respectively. 


No. of stars No of stars 

Argelander. Schonteld. Total. 

Brighter than 9.5 4,120 1,265 5,385 
6.5 to 7.0 3,887 1,276 5,163 

7.0 to 7.5 6,054 1,828 7.882 

7.5 to 8.0 11,168 3,506 14 674 

8.0 to 8.5 22.898 7,601 30,499 

8.5 to 9.0 52,852 18,633 71,485 


Here it is evident at a glance that while the thinning out 
of the stars is still in progress down to the 8th magnitude, it 
is not only arrested but reversed between the 8th and 9th mag- 
nitudes, the interval 8.5 to 9.0containing nearly five times as 
many stars as the interval 7.5 to 8.0, while the theoretical 
number is slightly less than 4. There is another feature in 
the table which I cannot reconcile with the results of Pickering 
and Pritchard, viz.: that the total number of stars brighter 
than magnitude 6.5 is almost exactly equal to the number 
of those lying between 6.5 and 7.0 in accordance with the 
hypothesis of uniformity. The figures would have been ma- 
terially different if we had gone on to the next succeeding 
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stage as we would then have 10,548 stars brighter than 7.0 
against 7,882 lying between 7.0 and 7.5. At the final stage 
the excess is in the opposite direction. We have only 63,603 
stars brighter than 8.5 against 71,485 between 8.5 and 9.0 
Great reliance cannot be placed on these results pending 
Professor Pickering’s investigation, but I think it may be at 
all events laid down that the thinning out of the stars has 
only been shown to exist between the limits of 2.5 and 8.0 
magnitudes and that there are some traces of a reversal at 
both ends of the scale. 

The limit, or at least uncertainty, as to the thinning out of 
the stars renders it more difficult to discover its causes. One 
cause which I suggested is, that we are situated in the Gal- 
axy, the shape of which, therefore, would rather resemble a 
segment of a cylinder or a flat round cake than a hollow 
ring. The stars all around us are, on this theory galactic, 
but there is a plane in which the Galaxy extends much farther 
than it extends in a direction perpendicular to this plane. 
Drawing a number of spheres around us with the sun as cen- 
tre, the surfaces of the inner spheres would be wholly occu- 
pied by the Galaxy; but as the spheres became larger and 
and larger, the Galaxy would occupy a smaller and smaller 
portion of the surfaces, and each succeeding surface would, as 
a consequence, contain fewer and fewer stars compared with 
its extent. The fact that the Galaxy appears nearly as a 
great circle on the celestial sphere gives some countenance to 
this theory. But I think the objections to it preponderate. 
The thinning out of the stars ought to be greater than it is 
unless the sun is situated in a particularly poor portion of 
the Galaxy. It ought not to be confined within the limits 
2.5 and 8.0; and I may add that_researches on par- 
allax do not seem to show that the stars which lie out of the 
direction of the Galaxy are among our nearest neighbors as 
they ought on this theory to be. 

But the other theory of loss of light in transmission is not 
more successful in explaining the limits between which the 
thinning out has been observed, and there appear to be 
special objections to supposing that the ether absorbs light. 
If it exercises a selective absorption all the more distant 
stars should either present a peculiar color or at all events 
exhibit peculiar lines in their spectra. On the other hand 
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that bodies capable of intercepting light, especially meteors, 
exist in space is at ali events highly probable; but it may be 
doubted whether they are numerous enough to intercept an 
appreciable quantity of light at the distance with which we 
are now dealing. The whole question thus stands in need of 
further investigation. 


ON THE DISSIPATION OF COMETS. 


BY W. H. S. MONCK, DUBLIN 
For THE MESSENGER. 

That the visits of comets to the neighborhood of the sun 
are usually attended with a good deal of waste will not, I 
think, be doubted, nor will it probably be disputed that 
Biela’s comet, at least, has now been finally dissipated in its 
character of comet. I venture to suggest that the causes of 
dissipation chiefly exist in or near the ecliptic (or rather, per- 
haps, the plane of Jupiter’s orbit), and that this is the true 
reason why many comets of short period have not returned. 
For this purpose I have arranged the comets of short period 
which ought to have returned since their first discovery in 
order of their inclinations, and I find the result is as fol- 
lows: 

1. Lexell’s comet of 1770; inclination 1°34’. Orbit re- 
peatedly and carefully computed. Period under 6 years; 
never returned. 

2. Clausen’s comet of 1743; inclination 1°53’; period 
about 5' years. One very doubtful identification; other- 
wise it never returned. 

3. Comet of 1678; inclination, 2°52’; period, according 
to Le Verrier, similar to the foregoing. One doubtful identi- 
fication; otherwise it has never returned. 

4. De Vico’s comet of 1844; inclination 2°54’; period sim- 
ilar to foregoing. Doubtfully identified with No. 3. Never 
returned since 1844. 

5. Tempel’s comet of 1869; inclination 5°24’. This is 
the first in the table that has certainly returned. 

6. Tempel’s comet of 1867; inclination when discovered 
6°24’, but now increased to over 10°, so that it does not 
now stand sixth in the list. This comet has aiso returned. 
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7. Burkhardt’s comet of 1766; inclination 8°1’; period 
in close agreement with the foregoing six. Has not returned 
(unless identical with No. 6). 

8. Blainpain’s comet of 1819; inclination 9°1’; period 
similar to foregoing. Has not returned. 

9. Faye’s comet; inclination 11°22’; period a little longer 
than foregoing. Has returned. 

10. Biela’s comet; inclination 12°33’. Returned several 
times but seems to be now dissipated. 

11. Tempel’s comet of 1873; inclination 12°46’. Has 
returned. 

12. Encke’s comet; inclination 12°54’. Has frequently 
returned. 

13. Winnecke’s comet; inclination 14°27’. Has returned. 

14. D’Arrest’s comet; inclination 15°42’. Has returned. 

15. Tempel’s comet of 1866. Inclination 17°12’ (retro- 
grade). The previous visits of this comet seem to be sufhi- 
ciently established by the corresponding meteor shower, 
though it is doubtful whether the comet itself was previously 
observed. The comet of a. p. 13866, perhaps most resembles 
it. 

16. Halley’s comet; inclination 17°45’ (retrograde). Has 
returned regularly since the Christian era. 


Of comets with indications exceeding 20° and periods of 


less than 100 years, those of Tuttle, Brorsen, Pons-Brooks, 
and Olbers have returned, while Pigott’s of 1783 and De- 
Vico’s of 1846 have not; but the period of the latter is 
doubtful. 

The earlier observations appear in no case to have been 
sufficiently accurate to show that the orbit was elliptic, but 
it is worth noting that no periodical comet with an incli- 
nation of less than 10° has been identified with a comet ob- 
served before the time of Newton, as Halley’scomet has been 
with certainty, and Tempel’s comet of 1866 and Brorsen’s 
comet have been with some degree of probability. 


The fact that less than half the comets with inclinations of 


under 10°, for which elliptic orbits have been computed, have 
returned while all the elliptie comets with inclination be- 
tween 10° and 20° have returned (though one seems to have 
been recently dissipated), is, at all events, remarkable. It 
points, I think, to dissipation, not perturbation as the cause 
of non-return. 
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A NEW FORM OF COMET-SEEKER. 


BY GEORGE A. HILL. 
For THE MESSENGER. aan 
Mr. Brashear of Allegheny City, Pa., has recently made for 
Professor H. P. Tuttle of the Naval Observatory, from de- 
signs of the latter, a new form of comet-seeker which em- 
braces so many salient points that I have been persuaded to 
write a description of it for the MESSENGER. 





A NEW FORM OF COMET-SEEKER. 


Mr. Brashear read a paper before the American Associa- 
tion, held in New York, describing the comet-seeker, but as 
that paper may not come to the attention of all the readers 
of this magazine, I will describe the plan of the instrument. 

Through the kindness of Professor Tuttle I have been, fora 
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short time, using this instrument in my regular comet hunt- 
ing, and the more I use it the more convinced I become of its 
great improvement over other forms of comet-seekers. 

The wood-cut gives a fair representation of the telescope 
and its mountings. It is a reflector of 6% inches aperture, 
and 40 inches focal length. The telescope tube has a broad 
collar around its upper end, on one side of which a hub is 
cast, and which is bored to fit on the end of the declination 
axis. Directly opposite to this hub the eye-piece holder is 
mounted, so that when the telescope is swung through any 
number of degrees of declination, the only movement given 
the eye-piece is one of rotation; hence the observer is not 
obliged to change the position of the eye through the entire 
sweep in declination. 

The telescope tube is mounted on a horizontal axis, which 
is free to move in declination. Encircling the eye-piece will 
be seen a hand wheel, about 14-inches in diameter, the 
spokes of which radiate from the-eye-piece mounting. The 
rim of the wheel is made of wood, and of such a size as to be 
firmly grasped by the hand. By this means the observer is 
able to move the instrument in dechnation. 

The horizontal axis just mentioned is mounted in a bear- 
ing plate, which can be moved rapidly, or, if a slow motion 
is desired, a tangent screw attached thereto can be used. 


This tangent screw is capable of being thrown in and out of 


gear, at the pleasure of the observer. 

Attached to the tangent screw is a ratchet wheel and 
handle, within easy reach of the observer, and which can be 
so regulated by stops, arranged for it, that ‘‘sweeps”’ of any 


desired breadth may be taken, thus relieving the observer of 


the necessity of watching his field. The arrangement just 
explained can also be used for making horizontal sweeps, or 
it can be detatched and those sweeps made without it. 
Should any object be noticed near the edge of the field in the 
direction in which the telescope is being moved, the ratchet 
may be instantly released, and by.the use of the milled wheel 
on the tangent screw, the telescope can be moved in the 
opposite direetion. 


Just below the eye- piece will be seen a rotating shelf, on 
which are kept the eye-pieces, and as they are made to slide 
into the eye-piece holder, no time is lost in making a change 
in the power used. 
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The eye-pieces are of the Airy form, the lowest power 
giving a field of about a degree and a half. 

The heavy dise of metal fastened to an arm, on the left 
hand side of the telescope, acts as a counterpoise, by which 
means the instrument will remain fixed in any position the 
observer may wish to place it. 

The telescope tube is fastened to an iron tripod stand, and 
this in turn is fastened to a small carriage supplied with 
wheels. By this arrangement the instrument can be drawn 
to different portions of the yard, or, if the observer has a flat 
root from which he observes, it can be drawn to different 
portions thereof. 

Through -the kindness of the Superintendent of the 
United States Naval Observatory the new comet-seeker has 
been mounted on the roof of that building. 

A little house has been built in which the instrument is 
placed when not in use. Around the west and south sides of 
the veranda surrounding the small dome a track has been 
built over which the comet-seeker is drawn, so that all 
portions of the sky can be viewed. 

The ease and comfort with which comet-seeking can be 
carried on with an instrument made after this new model 
must be self evident. 

In my opinion all observers who use the refractor tor 
comet-seeking would, after using this style of reflector, dis- 
card the former at once. 

I do not make any claim of the superiority of the reflector 
over that of the refractor; that I will leave to some one who 
is more competent to judge thanI am. But I do claim that 
the mounting of this new form of comet-seeker is the nearest 
approach to perfect ease for the observer, to rapidity of 
action, and handiness with which all parts of the heavens 
can be surveyed, of any form of mounting known to me. 

The ease with which the observer can sweep on the 
meridian or near the horizon is the same. In sweeping he 
has occasion only once in about fifteen minutes to move his 
chair, and if that be mounted on castors his change of 
position can be regulated by his feet. 
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ASTRONOMY IN LATE PERIODICALS. 


Monthly Notices for March has among its prominent 
articles the following: The orbit of the binary star 4 Ophiu- 
chi, by Professor S. Glasenapp. This star has been observed 
for sixty-two years, and the elements of the orbit deduced 
are: 
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These elements will represent the waco for the 
period above named. 
J. E. Gore has computed the orbit for 70 Ophiuchi, using 
all the available measures from 1819 to 1887, being about 
247 in number. The elements are: 
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P = 87.84 years Q = 120°S5’ (1880) 
T = 1807.5 A=: 171°48’ 

¢= 0.4912 a= 4’ 50 

7 = 58°28’ n= —4°,098 


In connection with this paper the formule are given for 
the computation of an ephemeris. 

W.S. Franks publishes the introduction to a catalogue of 
the mean colors of 758 stars, and an appendix containing 
the colors of 26 stars. His earlier catalogue of 3,890 stars 
was made by the aid of a five-inch refractor, and contained 
naked-eye stars to declination — 25°. 

A. Marth’s ephemeris for physical observations of moon 
for nine lunations from April 12 to the end of 1888 is an in- 
structive and a very useful paper. 

Naturefor April 19 and 26contains portions of an address, 
delivered by J. Norman Lockyer before the Royal Society, 
April 12, 1888, entitled ‘‘Suggestions on the Classification 
of the Various Species of Heavenly Bodies.’’ The first point 
discussed related to the probable origin of the groups, es- 
pecially the nebula. Mr. Lockyer starts with the idea that 
the orgin of the nebulz is meteoric; that light and the glow 
of gases come from collisions of meteors; that Herschel’s 
planetary nebula has no star for its center; that Sir John 
Herschel’s theory of ‘hollow shells’? and Arago’s hollow 
spherical envelopes illuminated by a brilliant central body 
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do not accord with Rosse’s observations, which showed all 
to be perforated by the aid of his colossal telescope, except 
(as he believed) those nebulz of the annular form. 

The meteoric hypothesis is briefly this: A swarm is sup- 
posed to be the center of activity, and its center of gravity 
is the focus of attraction for a considerable space surround- 
ing, more or less filled with meteorites. The collisions, few 
or frequent, that naturally arise in such relations, are the 
source of greater or less light for the mass. ‘ The collision 
surface will be practically the only thing visible, and will 
present to us the exact and hitherto unexplained appearance 
of a planetary nebula—a body of the same intensity of lum- 
inosity at its edge and center—thus putting on an almost 
phosphorescent appearance.’’ The theory is then applied to 
the globular nebula showing condensations, until finally a 
nebulous star is reached; also to the spiral nebula and the 
cometic nebula. 

The second branch of the theme is the classification of the 
stars, based on observation by the spectroscope in which is 
presented the results of the labors of Fraunhofer, Ruther- 
ford and Secchi, bringing out classifications in relation to 
temperature which are interesting and novel in some re- 
spects. This address contains much useful astronomy. 

The Astronomical Journal, No. 171, presents a full and 
carefully written article by Professor George C. Comstock, 
entitled ‘‘An Examination of Some Errors Possibly Affect- 
ing Measures of Distance made with the Prism-Apparatus 
of M. Loewy;” Elliptic Elements of Comet a 1888, by 
Protessor Lewis Boss, as follows: 


T = 1888, March 16.9987 

359°54’58”" 4 

245 2246 .6 ¢ 1880.0 
42 1523 .1 J 

log. « = 9.997790 

log. q = 9.844329 


ut 


Professor Boss says the above eccentricity corresponds to 
a period of 1,615 years, and that he suspects that the true 
period will be decidedly greater than 2,000 years. 

The elliptic elements of this comet computed by Rev. 
George M. Searle of New York are nearly identical with 
those given above. The near agreement of different comput- 
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ers is partly explained by the fact that the position of the 
orbit is remarkably favorable for the manifestation of ellip- 
ticity if it should exist. 

Observatory for May gives accounts of the meetings of the 
Royal Astronomical Society, Liverpool Astronomical So- 
ciety, and the Royal Meteorological Society. The paper by 
the editors, Messrs. Turner and Common, on the photo- 
graphic chart of the heavens, though brief, deals with the 
most important phases of this great work projected by the 
international conference at Paris. The three following 
resolutions show the aim and scope of the work: 

1. ‘‘ The progress made in astronomical photography de- 
mands that astronomers of the present day should unite in 
undertaking a description of the heavens by photographic 
means.” 

2. ‘* The work should be carried out at selected stations, 
and with instruments which should be identical in their 
essential parts.” 

3. ‘The principal objects are (a) to prepare a good pho- 
tographic chart of the heavens for the present epoch, and to 
obtain data which will enable us to determine, with the 
greatest possible accuracy, the positions and the brightness 
of all the stars down to a given magnitude (magnitude 
being understood to be defined in a photographic sense), 
(b) to provide for the means of utilizing, both at the present 
day and in the future, the results of the data obtained by 
photographic means.” 

In connection with this plan of work Dr. Gill’s proposition 
to establish a central bureau with officers and computers at 
an annual cost of $50,000 for a period of fifty years is criti- 
cised in strong terms on the ground of cost, and the limited 
uses of the extended star catalogue proposed. 

Knowledge for May gives large space to astronomical 
themes. The first is ‘‘ The Star Story of the Flood.’ It be- 
gins with a description of the ancient skies at the date 
3,400 years B. c., and the writer finds, with a star map of 
that date before his eyes, familiar passages of the ancient 
poets are explained ; and, assuming this asthe probable date 
of the Great Pyramid of Egypt, there are many points in 
and about it that signify purposes which it served for ancient 
astronomy and astrology. The first part of the article 
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closes with a comparison of the ancient and the modern con- 
stellations, claiming that the former much more nearly 
represented the objects bearing their names than the later 
ones do. 

‘*The Canals and Rivers of Mars”’ is a discussion of Schia- 
parelli’s views concerning details on the surface of Mars 
which he has repeatedly observed, and which he calls great 
parallel canals. As Mars is now nearest to earth for the pre- 
sent year, observers with large telescopes have opportunity 
to study these markings for themselves. The writer in 
Knowledge holds that the parallel tracings seen are not 
canals, but probably rivers so modified by atmospheric and 
other possible conditions as to give them the appearance of 
the dark streaks plainly mapped by Schiaparelli. 

Another paper, entitled ‘‘ Weighing the Earth,” gives the 
details of working out the result by simple methods. A fur- 
ther method by means of leaden weights, first suggested by 
Professors Richer and Meyer of Berlin, is proposed as wor- 
thy of consideration and trial, for a direct comparison be- 
tween the weight of a large leaden ball and that of the earth. 

Journal of Liverpool Astronomical Society for May con- 
tinues the illustrated notes of the planets by Mr. Denning, 
with Mars as the theme. He refers to the markings of that 
planet’s surface, known as the parallel canals of Schiapar- 
elli, and says that the present opposition will afford oppor- 
tunity for their study by the aid of large telescopes. The 
apparent diameter of Mars at opposition in 1887 was 
29’’.2; in 1888, 18”.4. More favorable opposition will oc- 
cur in 1890 and 1892 than for this year. When it is remem- 
bered that Schiaparelli saw, in the clear skies of Milan, 
these canal markings when the disc of Mars was only 13” 
in diameter, the giant telescopes of the present time ought 
to be able to test his observations with good degree of cer- 
tainty. His statement of power necessary to do this is that 
‘“‘every telescope able to distinguish a dark line 0.2 in 
breadth on a dark background, and to separate the one 
from the other of two such lines when the interval between 
axis and axis is 0’.5, could be employed for these observa- 
tions, and to study the duplications if these should be repro- 
duced. In the Milan instrument, the aperture of which 
does not exceed eight French inches, the greater number of 
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the canals and their pairs were observed with comparative 
ease whenever the air was still, and only a few cases re- 
quired a special effort on the part of the observer.’’ M. Per- 
rotin of Nice, with a Henry equatorial of fifteen inches, has 
seen these markings, with powers 450 and 560, and noticed 
that some of them were double. He estimates that the 
phenomena may be produced by clouds or mists circulating 
in the atmosphere of Mars. 

Other interesting papers of this number are: ‘‘Comet- 
seeking,’ by W. Doberck; ‘‘Secondary Light of Venus,’’ by 
W. T. Lynn; ‘‘ Water on the Moon,” by W. Durham; ‘ Evi- 
dence of Subsidence of Lunar Maria,’’ by S. E. Pearl; and 
the study of the walled plain, ‘‘ Messala,’’ on the moon, by 
T. G. Elger. 


SUPPOSED OBSERVATIONS OF COMET 1887, I. 





PROFESSOR LEWIS SWIFT. 
For the MESSENGER. a 

This is the comet which, on Jan. 8, 1887, so suddenly 
made its apparition in the southern heavens. It was ap- 
parently headless, seeming to consist altogether of train. 
The first announcement of discovery which reached the 
northern hemisphere, was made by Mr. Thome of the Cor- 
dova Observatory, and, for a while it seemed that he was 
clearly entitled to the Warner comet prize of $100, but his 
claim is now contested by Mr. W. H. Haley and others of 
Australia. On the evening of Feb. 13, setting my telescope 
as indicated by Mr. Chandler’s ephemeris, in about the same 
R. A. and some degrees farther south, I picked up an object, 
new to me, which, as it had a cometary aspect and was so 
near the computed place, I was almost sure was the South 
American comet. It was perfectly round and without tail. 
After a moment’s observation, I detected, about 4’ north, 
an exceedingly faint, pretty small, round nebula. 

Cloudy weather prevented a subsequent observation and 
a full year elapsed before an opportunity came to re-examine 
the place. I have been able to make only three attempts at 
re-observation, and, each time, the seeing was not exquisite 
enough to reveal the faint one, but, on two or three occa- 
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sions, sufficiently good, I felt certain to have shown the 
bright body had it been there. 

In consequence of the erection of a large number of electric 
street lights south of the observatory, and of the low alti- 
tude of the objects, I fear I shall be ever unable to re-fiad 
the fainter one which would serve as my guide to the place 
ofthe other. Under the best conditions of seeing, in any 
latitude, a telescope of about fifteen inches aperture would 
be required to see it. 

In calling attention to this matter my object is to prevent 
the readers of THE SIDEREAL MESSENGER from forming an 
erroneous opinion from the statements regarding it by Dr. 
H. C. Wilson, on page 157 of that magazine for April. He 
gives as the sentiment of Professor Barnard’s letter in the 
Astronomische Nachrichten, that he (Professor Barnard), 
though he had sought in vain for my objects, yet he had 
found in the same declination, but differing fifteen minutes in 
right ascension, two nebula, one about 4’ north of the 
other, which, in his opinion, might be the two seen by my- 
self. The doctor seems either not to have seen, or to have 
forgotten, my letter of reply published also in that journal. 
Mr. Barnard’s nebule I have for years been familiar with, 
and I re-examined them last February for comparison. 
They are not identical with those under debate, nor do they 
bear any marked resemblance to them. 

Owing to the uncertainty of the observations of the comet 
in the southern hemisphere, probably not great reliance can 
be placed on any ephemeris, and though, doubtless, Chan- 
dler’s may have been as nearly accurate as any, yet the dif- 
ference from the computed position of the comet at that 
date did not hinder me, under the circumstances, from 
strongly suspecting it to be that body. The agreement was 
quite close in right ascension, but the declination differed 
about three degrees. 

It is not at all surprising that Professor Barnard, with a 
six and one-half inch telescope (not eight inch as Dr. Wilson 
says), failed to detect the faint nebula so near the bright one. 
I still strongly suspect that the object I saw was a comet, 
and though, of course, it may not have been Comet 1887, I, 
yet I incline to think that it was. 
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FOR STUDENTS AND YOUNG OBSERVERS. 
Interesting Phenomena for June and July. 


THE PLANETS. 


Mercury will be at greatest elongation east of the sun 
June 12 at 2 Pp. M., and will be in favorable position for ob- 
servation in the early evening during the greater part of the 
month of June, setting from an hour to an hour and three- 
quarters later than the sun. He is coming between the 
earth and sun, and will reach inferior conjunction July 8, 
being then about five degrees south of the sun. At the same 
time Venus and the moon will be in the same region of the 
sky, within five degrees of the sun. The diameter of Mer- 
cury’s disc on June 12 will be 8.2”, and at the end of the 
month will have increased to 12”. During the latter part of 
July Mercury may again be observed in the morning, west 
of the sun, although its position will not be so favorable as 
in June. Very little is known with regard to the surface 
markings of this planet, or its period of rotation, and it is 
one to which amateurs devote very little attention, chiefly 
because of the difficulty of obtaining good images. The 
smallness of the disc, and the fact that it is usually observed 
near the horizon, where the waves of heated vapor cause a 
flaring and distortion of the image so that the phases can 
scarcely be made out, are serious drawbacks to anything like 
accurate observations. Mr. W. F. Denning, however, in the 
February number of the Journal of the Liverpool Astron- 
omical Society, has called attention to the fact that the ob- 
servations need not be made at a low altitude, and that, by 
selecting suitable times, very satisfactory views of this planet 
may be obtained. He says, ‘‘ As a naked-eye object Mercury 
must necessarily be looked for near the horizon, but there is 
no such need in regard to telescopic observation, which 
ought to be only attempted when the planet has _ sur- 
mounted the dense lower vapors and attained sufficient ele- 
vation to give the instrument a fair chance of producing a 
steady image. The presence of sunshine need not seriously 
impair the definition, or make the disc too faint for detail, 
but care must be taken to shield the telescope from the sun’s 
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rays, or annoying currents will be generated in the interior 
of the tube, and these will ruin the view. I have occasion- 
ally seen Mercury about two or three hours after his rising, 
with outlines of extreme sharpness and quite comparable 
with the excellent views of Venus at the time of sunrise and 
sunset. Those who possess equatorials should pick up the 
planet in the afternoon and follow him until after sunset, 
when the heated vapors will interfere. Others who work 
with ordinary alt-azimuth stands will find it best to exam- 
ine the planet at his western elongations during the last half 
of the vear, when he may be found soon after rising by the 
naked eye, or with an opera glass, and followed in the tele- 
scope for several hours if necessary.” 

Venus is in a very unfavorable position for observation, 
approaching superior conjunction with the sun. The appar- 
ent diameter of her dise will belessthan that of Mercury dur- 
ing the greater part of the month, and sheis so nearly in line 
with the sun that it will be very difficult to find her with 
ordinary telescopes. Venus will be at the ascending node of 
her orbit June 20; in conjunction with Mercury, on the 
opposite side of the sun, apparently and really, July &, at 11 
P. M., central time; in conjunction with the moon, north 
1°57’, at the same time; at superior conjunction with the 
sun, north 47’ from the sun’s center, July 11, at 1 P. M.; in 
perihelion, July 23; in conjunction with Saturn, July 27, 7 
A. M. 

Mars will be in good position for observation during June, 
although he is receding from the earth and his disc is there- 
fore growing smaller, diminishing from 13.2” June 1 to 
10.6” July 1. Marsmay still be seen in the southwest in the 
early evening during July, but his low altitude will prevent 
good seeing. Reference is made elsewhere to a paper by Mr. 
W. F. Denning, in the Journal of the Liverpool Astronomical 
Society, in which he speaks of the most curious features of 
Mars’ surface, the so-called ‘‘canals,’’ which were observed 
by Schiaparelli at Milan in 1881 to run in parallel pairs. 
This duplication of the canals has been observed since by 
Mr. Perrotin at Nice. A note, by Mr. R. A. Proctor, on this 


_ subject was read at the April meeting of the Royal Astrono- 


mical Society. In the discussion which followed the reading 
of the note Mr. Knobel said: ‘I quite agree with Mr. 
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Proctor that there is a great difficulty in accepting the 
chart of Mars as depicted by Schiaparelli., The parallelism 
of the canals is so amazing that one cannot but seek for 
some explanation as was suggested] some time back by Mr. 
Green, those lines being the boundaries of faint tones and 
shadows on the planet, or, as Mr. Proctor has suggested, 
there being some light spaces between certain dark marks 
which Schiaparelli has interpreted into lines like canals. 
Certainly I have over and over again recently, as well as at 
every opposition, failed to see anything approaching parallel- 
ism in the configuration of the planet. I have not seen the 
slightest signs of it and it does not appear that, with the ex- 
ception of the observations made at Nice, any one has seen 
anything like these parallel canals spoken of by Schia- 
parelli.”’ 

Jupiter is now in its best position for observation this 
year, crossing the meridian between 10 and 11 p.m. There 
is no difficulty in recognizing this brilliant planet among the 
bright stars of Scorpio in the southeast in the early evening. 
He has been retrograding for some time, but his motion is 
very slow. July 22 he will become stationary, and after 
that will advance toward the east. The objects on Jupiter’s 
surface which specially attract observers are the old red 
spot, the brilliant white spots on the north borders of the 
great equatorial belts, and the belts and spots closely south 
of the red spot. It is known that different spots have dif- 
ferent periods of rotation, and observers may do useful 
work in noting the time when different markings come to 
the central meridian of the planet, and their position north 
or south of the equator. Mr. Denning has given an inter- 
esting discussion of the features of this planet in the March 
and April numbers of the Journal of the Liverpool Astro- 
nomical Society. 

Saturn will be pretty low in the northwest for good ob- 
servation, but may be seen in the first hours of the evening 
during June. During July he will be near the sun, coming to 
conjunction August 1. Saturn will be occulted by the moon, 
to observers between the parallels of latitude north 36° and 
south 24°, July 10, 1 Pp. M. central time. The occultation 
will occur in full sunlight, when the planet is only one hour 
and a quarter east of the sun, but it may possibly be ob- 
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served by taking proper precautions to shut the sunlight out 
from the telescope. 

Uranus will be in conjunction with Mars June6at 11 P.M., 
north 47’. The two planets will then be in the same field of 
view of an ordinary finder. One will thus be able to com- 
pare directly the greenish hue of the one with the ruddy 
color of the other. Uranus will be stationary June 19, and 
in conjunction with the sun July 4. 

Neptune comes into view again in the morning, west of 
the sun. It is in Taurus a few degrees south of the Pleiades. 


A Partial Eclipse of the Sun will take place July 8, but 
will be visible only inthe South Indian and Antarctic oceans. 
A Total Eclipse of the Moon, July 22, will be vistble gener- 
ally throughout North and South America and portions of 
Europe, Africa and the Pacific Ocean. 
ELEMENTS OF THE ECLIPSE. 


Greenwich mean time of conjunction in right ascension, 
July 22d, 17h 44m 29.5s. 


h m s s 
Sun’s right ascension 8 11 48.02 Hourly motion 9.92 
Moon’s right ascension 20 11 48.02 % ph 147.84 
Sun’s declination 20° 00’ 12.7” N. . “ 0’ 31.0” S. 
Moon’s declination 20° OV 44.7” S. - " 4’ 24.0’N. 
Sun’s equa. hor. parallax 8.7 Sun's true semidiameter 15’ 44.9 


Moon’s equa. hor. parallax 58 43.0 Moon's true semidiameter 15 59.2 


TIMES OF THE PHASES. 


Washington mean time. Central time. 
i 


ti h m h m 
MGGOH CHtere PERI DER, 6isiini6sc0csncesinssesss July 22, 9 47.3 8 55.5 
MOOn Cnters SHAGOW...6.00:.c20.ccccersecercecess 10 46.5 9 04.7 
“POUR CMIIOe WEIR ide ccceticcpsacacccicesantio 1145.4 10 53.6 
DERE OF Ce GENE src sncicnsscincnnscasesissess 1236.6 11 44.8 
"T OEE COMBINE CIN 5icickscc es scccticaiscnadscasesse 13 27.8 12 36.0 
Moon leaves shadow. ......scccssseccssssssssis.. 14 26.6 13 34.8 
Moon leaves penumbra................ccsss00-0 15 25.7 14 33.9 


Magnitude of the eclipse = 1.825 (moon's diameter = 1). 


Probable Occultation of Stars by the Principal Planets. 
In L’Astronomie for May Mr. B. Lihou gives a list of 
probable occultations of stars by the planets Venus, Jupiter 
and Saturn during the year 1888. Such occultations have 
been very rarely observed because they have never been 
predicted. They would be of use in the study of the physical 
constitution of the planets, and especially would an 
observation of an occultation of a star by the rings of 
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Saturn throw light upon the nature of those strange appen- 
dages. It happens, however, that only one of the probable 
occultations noted by Mr. Lihou will be visible in the United 
States, viz., that of a 7.7 magnitude star by Jupiter, August 
7, 9:22 p. M. central time; maximum duration 358 minutes. 


THE CONSTELLATIONS. 


At 9 Pp. M.in the middle of June, Cancer, with the cluster 
Presepe and the planet Saturn, is setting in the west. Leo, 


with the bright star Regulus and the well-known group of 


the Sickle, is a little less than half way up from the west 
horizon to the zenith. The second star from Regulus in the 
Sickle, 7; Leonis, is a fine double. The components are about 
4” apart, and their magnitudes, 2d and 4th. It is a binary, 
having a period of about 400 years. Above Leo is the con- 
stellation of Berenice’s Hair, an area dotted with faint stars 
just visible to the naked eye. Not far south and a little west 
of the zenith one will recognize Arcturus, the principal star 
of Boétes the Herdsman. This asterism extends almost to 
the zenith and contains quite a number of bright doubles. 
About half way from Arcturus to the horizon, west of south, 
the ruddy planet Mars keeps company with the brilliant 
Spica in the constellation of Virgo. The star nearest to 


Mars to the north is 4 Virginis, and almost directly west of 


this star, 15m or 4°, the planet Uranus may be found. The 
next star visible to the eye, toward the west from 4 and 
Mars, is 7 Virginis, one of the finest of double stars, a binary 


with a period of about 180 years. The components are of 


the 4th magnitude, very nearly equal, +” apart, thé one sil- 
very white, the other pale yellow. There are many nebulz 
in this constellation, but few of them are individually inter- 
esting. Southwest from Mars and Spica there is a trapezium 
of stars, known as Corvus the Raven. To the east of the 
meridian the first constellation to strike the eye is Scorpio, 
with the scarlet Antares and irregular configuration of 


bright stars. It has added to its own charms now the giant 
planet Jupiter. Antares, besides its fiery red color, has also 
a close companion of a greenish hue, which is a somewhat 
difficult object to detect with small telescopes. The bright 
star, 7, nearest to Jupiter is also a double, rather wide, mag- 
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nitudes 2 and 5.5, colors yellowish white and lilac. The 
nearest star east of 7 is also a wide double, magnitudes 4 
and 7, and the fainter star of this pair is again double, 2”, 
magnitudes 7 and 8. Half way between Antares and 7 isa 
large nebula like a comet. Directly east of Antares about 2 
is a large, rather dim, resolvable cluster of stars followed by 
avacant, starless space, one of Herschel’s *‘ holes in the sky.” 
The two bright stars of Libra are a little north and west of 
Seorpio. 

North of Scorpio parallel to the Milky Way is the ill-de- 
fined constellation of Ophiuchus the Serpent-bearer. To the 
right of the last one may trace an irregular line of stars, 
marking the head and neck of the Serpent, North of this we 
see the Northern Crown ,a circular group of faint stars, and 
to the left of this Hercules, an asterism difficult to trace be- 
cause it contains no conspicuous stars and has no definite 
outline. It is chiefly interesting because it contains that 
point in the heavens toward which the solar system is sup- 
posed to be now moving, and because of the splendid globular 
cluster which is to be found one-third of the way from the 
star 7 to the star £ of the constellation. These last are the 
first stars, of the third magnitude, to the east and a little 
north of the Northern Crown. A line from the zenith to the 
east horizon will pass near two very bright stars; the up- 
permost of these is Vega of the Lyre, the lower Altair of the 
Eagle. One will notice two fainter stars which form an 
isosceles triangle with Vega. The northernmost of these is 
= Lyre, a double-double, 7. e., to the naked eye it appears 
single, with a low magnifying power double and with a 
higher power each component is again double. A little way 
toward the horizon from Vega is another pair of stars of 
nearly the same brightness. and nearly the same distance 
apart as those nearest Vega. Between these, about half 
way and almost directly in line, the famous Ring Nebula 
may be found. Looking towards the north one will see Ursa 
Major to the west, Ursa Minor and Draco above, Cepheus 
and Cygnus to the east and Cassiopeia below the pole. 


Phases of the Moon. 


Central Time 
h 





n m 
Mth GTAREEE Ss snc scccacaxensrcchanasavaswiuaiieds June 1, 653.3 a.M 
POW TORO os dc da secs tscnadecceciudenecasensneacades 9,10 34.0 * 
BP OUR Ss saseinscsuns consis servasaistcraanite 17,12 49:7 “ 
Full Moon 23, 3 7.5P.™M 
Wa SIRO os 55 ss ca nyascleae dean edapies cookers 30, 952.6 “ 
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June 


June 


June 


June 


June 


June 
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Date. 


Great Red Spot on Jupiter—Times when its Zero Meridian passes the Centre of 


June 


June !18 


21 
26 
26 
27 
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NEPTUNE. 
R.A Decl. Rises 
h m h m 
blmeuscaacd 3 54.2 +18°39° 3 31a.mM 
eciuemaaa 3 55.7 +18 43 263 * 
Sacanstanlaks 3 57.1 +18 47 2 14 
SATURN. 
Soot 8 22.8 +20 02 7 56 a4.M. 
Soakedensaree 8 27.2 +19 48 ie 
Bepanbneteane 8 31.8 +19 32 649 * 
URANUS. 
Sbaipaadioken 12 49.7 —4 36 2 05 P.M. 
paciceinieniote 1249.3 —4 35 225 “ 
eee 12493 -—-435 12 46 
MARS. 
SoeRnorret 12 48.7 —5 13 2 06 P.M. 
pieaksisenpin 12 56.4 —6 22 1 ao 
VaR 13 7.7 —7 47 117 
JUPITER. 
ceenkabacnae 15 50.8 —19 10 6 06 P.M. 
skenecanee 15 46.2 —18 57 Sas ** 
Deccan 15 42.4 —18 47 4 38 
VENUS. 
caseuoeenmens 415.0 +20 40 3 47 a.m. 
peat ieeacaty 5 7.2 +22 22 860 *“ 
isan siaaie 6 0.4 +23 39 3 59 ° 
MERCURY. 
aOR OPER 6 38.3 +25 03 5 46 a.M. 
Pe aeons 7 22.5 +22 32 604 * 
Eau 7 37.3 +19 33 5 54 
THE SUN. 
ievekeubeswes 455.7 +22 39 4 21 a.m. 
Breer eee 5 37.1 +23 21 75.“ 
Renee 619.7 +23 23 413 





Occultations Visible at Washington. 


Star’s 
Name. 


80 Virginis 


z Ophiuchi 


y Capricorni 
5 Capricorni 
B. A.C. 7835 


Central Time. 


IMMERSION. 

Magni- Wash. Angle f'm 

tude. MeanT. N. Point. 

m 

6 9 48 136 
41, 8 31 182 
312 12 05 63 
2) 16 40 ae 
612 11 32 346 


Star 6.5’ N. of moon’s limb. 





d m 
2, ¥1 27.8 a.m. June 
2, 918.9 P.M. 
4, 3 60a.M. 
4, 10 47.2 P.M. 
5, 648.2 “* 
7, 22 36:2 £m. 
7, 8 26.3 P.M. 
9, 213.2a.m. 
9, 9 45 P.M. 
11, 361.3a.m. 


Jupiter’s Disc. 
Central Time. 
d h m 


it, 272 


42.6 P. M. 
ss Fons “ 
14, 1 20.8a.M. 
14, 911.9P.M. 
16, 2 58.9 a.M. 
16, 10 §0.2 Pp. mu. 
17, 8424 “ 
19, 12 28.4 a.m. 
19, 819.6 P.M. 
21, 2 66a,.M. 


Transits. Sets. 
h m h m 
10 52.2a.m. 6138 P.m. 
10 14.3 & 36. * 
936.4 ‘“ 458 ‘ 
3 24.0 p.m. 10 52 P.M. 
249.0 * 10 36. * 
214.3 * 940 * 
750.0p.m. 1 35 a.M. 
7104 * 1256 “ 
San: “ 7216 *™ 
7 49.3 p.m 1 32 a.M. 
y ie isao ~* 
649.7 * 12 22 “ 
10 50.5 p.m. 3 34a.Mm. 
10 66 * aoa 
9 23.5 209 ‘* 
1117.9a.mM. 648 P.M. 
11 daz oie 
11 44.6 ina 
4 
140.0p.m. 9 33 P.M. 
144.7 ‘ 924 “ 
119.9 845 “ 
12 01.6p.m. 7 42 P.M. 
11 59.6 ‘ 744 “ 
11 57.5 i= * 
EMERSION. 
Wash Anglef'm Dura- 
Mean T c. Pt. tion. 
h m > h m 
10 56 278 1 07 
8 56 221 0 25 
13 26 268 118 
17 56 241 117 


June 


July 








Central Time. 
d h m 


21, 957.9P.M. 
22, § 498.1 “* 
ao, ioe 
wa, W274 “ 
26, 114.4a.M. 
26, 9 &.7P.Mm 
28, 252.7 a.m 
28, 10 44.1 p.m 
29, 6364 “ 
1, 12 22.4Pp.m 
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Phenomena of Jupiter’s Satellites. 


Central Time. Central Time 


ri h m d h m 

June 1, 718p.m.° I Ec. Re. Junel5, 8 21 P.M. I Oc. Dis. 
3, 3 29a.m. II Oc. Dis. iG. 12:06 * I Ec. Re. 
4, 10 27Pp.m. II Tr. In. 16, 605 “ I Sh. In. 
5, 12 07a.mM._ II Sh. In. 16, 742 I Tr. Eg. 
S&, 1356 “ II Tr. Eg. Gc St “ I Sh. Eg. 
5 2ae * II Sh. Eg. 18, 700 “* III Ec. Re. 
& 2a: * E ‘Tr. in. 2 fit “ II Oc. Dis. 
6. 3i8 “ I Sh. In. 21, 1 01a.Mm._ II Ec. Re. 
6, 748p.Mm._ II Ec. Re. aa, tach “ L ‘Fe. ie. 
7, °12 10 a. mu. I Oc. Dis. 22, ton * I Sh. In. 
7 243 ‘ I Ec. Re. 22, 6 36Pp.m. II Tr. Eg. 
7 917P.M. ] Fv: Im: 2. so “ II Sh. Eg. 
7 oz « cis ‘EY: En. 22, 1007 “* I Oc. Dis. 
7, 942 I Sh. In. 23, 1 OO a. M. I Ec. Re. 
7. 7c “ III Sh. In. 23, Ti1ZP. x. I Tr: Ix. 
1, OTF “ III Tr. Eg. 23, 800 * I Sh. In. 
% Lae I Tr. Eg. 2s o25 “ I Tr. Eg 
i, oe “ I Sh. Eg. 28, 1012 I Sh. Eg. 
8, 12 53 a.m. III Sh. Eg. a, t¢20 “ I Ec. Re. 
8 6 36 P.M. I Oc. Dis. 6 604 * III Oc. Dis. 
8 oig “ I Ec. Re. _ to “ III Oc. Re. 
8) 556 * I Tr. Eg. 25, 914 * III Ec. Dis. 
9 623 “* I Sh. Eg. 25. 1080 “ III Ec. Re. 
412%. 12444: HE Fe. a. cay II Oc. Dis. 
12 14 “ II Sh. In. 7 ¢iae *“ i ae. i. 
12 aie@ “ II Tr. Eg. 29, 808 “ II Sh. In. 
13, 653p.M._ II Oc. Dis. 29, 954 “ Il Tr. Eg. 
18, 1025 “ II Ec. Re. 29. 1037 “ II Sh. Eg. 
14 1 56a: Me. I Oc. Dis. 29. 11454 * I Oc. Dis. 
14, 11 & P.M. i 3S: ae 30, 903 “ | Tr. in 
4. Las * Si. Im. SO. 956 “ I Sh. In. 
tm 12464. %: TEE Tre le. 20. 11 36. ** I Tr. Eg. 
te Fit ” i ie Re. joaly 1, 12°07 a. =. I Sh. Eg 
¥5 E50 “ I Sh. Eg. 


Comet a 1888 (Sawerthal) was observed at Carleton Col- 
lege Observatory by Dr. H. C. Wilson on the morning of 
May 19. It was easily visible in the tinder of the 84-inch 
Clark equatorial. The tail could be traced for more thana 
degree and the central bright line is still visible for its entire 
length. The following ephemeris is from A. N., No. 2838 for 
the months of June and July: 


1888 a 1888.0 0 2888.0 Log r Log J >. 
hm is _ 
0 2711+ 40 1.6 
28 45 40 20.7 
30 18 40 39.6 0.2052 0.2826 0.067 
31 49 40 58.3 
33 18 41 16.7 
34 46 41 34.9 
36 12 41 52.8 0.2205 0.2899 0.060 
37 36 42 10.5 ° 


June 


DIAU-ON 
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1888 


June 


July 


9 
10 
LE 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 


a 1888.0 


h 
0 


1 


3) 1888.0 


” 


m Ss 
38 59 + 42 28.0 
40 20 42 45.2 
41 39 43 2.2 
42 56 43 19.0 
4412 43 35.7 
45 26 43 52.1 
46 38 44 8.3 
47 48 44 24.3 
48 57 44 40.2 
50 4 44 55.9 
51 9 45 11.4 
52. 12 45 26.7 
53 14 45 41.8 
54 14 45 56.7 
55 11] 46 11.5 
96 FT 46 26.1 
Si 1 46 40.5 
57 52 46 54.8 
58 42 47 8&9 
59 30 47 22.8 
016 47 36.6 
1 0 47 50.2 
1 42 48 3.7 
2 22 48 17.0 
3 O 48 30.2 
3 36 48 43.2 
4 9 48 56.0 
4 40 49 8.7 
5 9 49 21.2 
5 36 49 33.5 
6 1 49 45.7 
6 24 49 57.7 
6 44 50 9.6 
7. 2 50 21.3 
718 50 32.8 
7 31 50 44.2 
7 42 50 55.4 
7 50 51 6.4 
7 56 a. 372 
8 0O 51 27.9 
S 2 51 38.4 
8 1 51 48.7 
ce 51 58.8 
4 Sl 52 8.7 
7 43 52 18.5 
q 32 52 28.0 
719 52 37.4 
7 3 52 46.5 
6 45 52 55.4 
6 24 53 4.2 
6 O 53 12.6 
5 34 53 20.9 
& 6 53 28.9 


Logr 


0.2352 


.2493 


~ 


9629 


.2760 


0.3009 


3241 


0.3352 


0.3459 


0.3563 


0.3664 


0.3762 


Log J 


*0.2965 


0.3025 


0.3080 


0.3129 


0.3173 


0.3212 


0.3247 


0.3278 


0.3306 


0.3331 


0.3353 


0.3372 


0.3380 


0.055 


0.050. 


0.046 


0,042 


0.039 


0.0386 


0.033 


0.031 


0.029 


0.028 


0.026 


0.025 


0.0238 
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CLOCK-WORK OF THE TELESCOPE.* 


A great variety of these are used by different makers, all 
more or less effective. Except for extraordinary purposes, 
the ordinary frictional governor is probably the best, as it is 
certainly the most common, form. 

The principal points to be looked to in the clock are: 

1st. Sufficiency of power—i.e. not only sufficiency of power 
to drive instruments under ordinary circumstances, but 
sufficient also to leave a large margin for possible and prob- 
able hitches or differences in force required owing to want of 
balance or any of those numerous causes which tend to vary 
the friction of any instrument. 

To give an idea of what may be called sufficient, measure 
the height the clock-weight falls in an hour, and multiply 
this in feet by the number of pounds weight; the product 
will be the number of foot-pounds of energy availablein each 
hour. 

A 4’ telescope should not have less than 75, and a 6” less 
than 200, foot-pounds of energy per hour. 

These rough figures will give an idea of what is required, 
but of course much depends on the character of instrument, 
and its weight, and the fineness of finish of bearings, etc. 

2nd. The train between clock-governor and clock-screw 
should be as simple as possible, with as few wheels as pos- 
sible, as short shafts as possible; and, lastly, the gearing up 
between clock and screw should be as far as possible made 
with spur instead of bevel gearings. It is not the slightest 
consequence how complicated the train be anywhere else ex- 
cept between governor and screw but every avoidable wheel 
introduced there increases the chance of error. 

3rd. The governor or regulator should be heavy, and have 
as much momentum as possible, to enable clock to get over 
small obstacles without preceptible jerk. 

Various forms of improved governors have been intro- 
duced from time to time, but none are better than the simple 
frictional governor for short periods, and this is what is 
generally required. 


If the telescope be required for photographic use, in which 
* From “Astronomy for Amateurs,” the article entitled ‘‘The Telescope” by Sir 
Howard Grubb, and continued from page 112 of the MESSENGER. 
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case the star must be kept constant in position for two hours 
without ||, of a second displacement, the only resource is 
that of a uniform clock controlled electrically from a pendu- 
lum clock; but this arrangement is too complicated to at- 
tempt to describe without diagrams. It should be remem- 
bered that all these points are more or less important ac- 
cording to the delicacy of the work proposed to be under- 
taken. If the instrument be intended only for gazing at 
planets, stars, and comets, these points are of comparatively 
little consequence; but an instrument quite equal to this 
work would be useless if it were required to use very high 
powers for dividing difficult double stars, etc.; and again, 
an instrument might be sufficiently stable and rigid for this 
last purpose and not be sufficiently so if delicate microme- 
trical work were to be attempted.” 





Anew Minor Planet, No. (277), was discovered by Charlois, 
of Nice, May 3.5170, R. A. 13h 42m 17.4s; Decl.—11° 13’ 
43”. Daily motion—44s and+.4’. Magnitude 13. 


A new Minor Planet, No. (278 ?), was discovered by Bor 


relly, May 12.4336, R. A. 16h 31m 46s. Decl. — 21° 47’ 06”. 
Motion in R. A.—56s; in Decl. +.03’. 


Magnitude, 11. 
This is perhaps Xantippe, No. (156). 


A new Minor Planet, No. (279?), was discovered by Palisa, 
of Veinna, May 16.5483; R. A. 16h 21m 8s. Decl.—21° 35’ 
12”. Daily motion in R. A.—56s; in Decl. +.01’; Magnitude 
12. 


Minor Planet No. (269) has received the name Justitia ; No. 
(273), Atropos, and No. (274), Philagoria. 


* Much stress has been laid on the driving clock as an indispensable adjunct to 
the equatorial, though, from the amateur’s point of view, it is still an expensive 
luxury; and, if the telescope is not to be especially devoted to micrometrical or 
photographic work, the ordinary tangent-screw, worked by hand, will suffice for 
most purposes. 


A sidereal timekeeper is almost a sine qua non in the effective use 
of the equatorial mounting; but an old-fashioned eight-day clock, beating seconds, 
with a slight alteration in its wheel-work and dial, makes a capital substitute at 
a merely nominal cost.—W. S. F 
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ANAHITA. 


Discovered by Dr. Peters, and presented to Anita Rosalie, daughter of Professor 


Simon Newcomb. 
FOR THE MESSENGER 


Deep hidden in the depths of space, 

Fain would I see her charming face, 

As she moves on with subtle grace— 
Anahita! 


© brave Columbus of the skies, 

Her beauty met thy searching eyes, 

And filled our hearts with glad surprise— 
Anahita! 


She heedeth not the moon, I ween, 

The little spot where she is queen 

She rules with such an air serene— 
Anahita! 


© wondrous star of silver light, 

Fit for the crown of angel bright, 

Could I but hail thee in the night,— 
Anahita! 


Earth, thou hast many scenes sublime, 

Yet I would leave this changeful clime; 

To say farewell, I bide my time,— 
Anahita! 


Say not the new world is too small; 

The green trees there may grow as tall, 

Their verdant leaves may never fall— 
Anahita! 


The oceans here are are all too large, 

But there I'll float a fairy barge 

Upon the blue sea’s sunny marge— 
Anahita! 


A sweeter music than we know, 

From many a singing brook may flow ; 

While poet's hearts with fervor glow— 
Anahita! 


And what sequestered vales are there! 

To break the silence of whose air, 

Only the birds and lovers dare— 
Anahita! 

How beautiful the azure dome 

Seen from those fields! O, let us roam 

Where every flower finds its home— 
Anahita! 

There we shall see the roses blown 

To perfect fullaess; sweeter grown 

The pansy faces we have known— 
Anahita! 


O happy little world above, 

As free from guile as is the dove, 

But full of faith and hope and love— 
Anahita! 


Too small is she for any wrong 


But large enough for mirth and song, 
And all that doth to joy belong— 


Anahita! 





Clinton, N. ¥. —Lucy STANTIAL Borst 


EDITORIAL NOTES. 
Vacation months follow this. There will be no issue of 
the MESSENGER for July, but a number will be published for 
August. Consecu:ive numbers will always be found at the 
top of the first cover page. 


The Orbits of Aerolites by Professor Newton. The follow- 
ing two propositions were set forth by Professor Newton in 
his paper read April 19 to the National Academy of Sciences : 

1. The meteorites which we have in our collections, and 
which have been seen to fall, were originally (as a class, and 
with a very small number of exceptions) moving about the 





<62 The Sidereal Messenger. 





sun in orbits that had inclinations to the ecliptic less than 
90°; that is, their motions in the solar system were direct 
and not retrograde. 

2. The reason why we have only this class of stones 
in our collections is not a reason wholly, or even mainly, 
dependent on the habits of men; nor on the time when men 
are out of doors; nor on the places where men live; nor on 
any other principle of selection acting at or after the arrival 
of the stones at the ground. Either the stones which are 
moving across the earth’s orbit in the solar system move in 
general in direct orbits, or else, for some reason, the stones 
which have retrograde orbits do not in general come through 
the air to the ground in solid form. 


Denver University Observatory. A recent letter from 
Professor H. A. Howe, of Denver University, Colorado, 
discloses the interesting fact that the observatory at that 
place is to have a new equatorial refracting telescope the 
aperture of whose object glass will be twenty inches. This 
is good news for the University and for Professor Howe 
who well deserves the recognition it implies. For so young 
aman it is a noteworthy stride in his favorite science, to 
havea telescope that ranks fifth in size and power in the 
United States; for those at Lick Observatory, Washington, 
University of Virginia, and Princeton, only now are larger. 
Another significant fact in this new enterprise is the altitude 
of the site, which has been chosen on the new ‘‘ Campus"’ 
the University about seven miles from the city of Denver, and 
is 5,000 feet above sea level. If memory serves us rightly this 
site is higher than that of any other large telescope in the 


United States, the Lick site being next, at an altitude of 


4,200 feet. The name of the generous donor of this large 
instrument is Mr. H. B. Chamberlin of Denver, Colorado, 
whom the MESSENGER is pleased to introduce to all its 
readers as a patron of science they should know and 
gratefully remember. 


Double Nucleus and Comet a 1888. I desire tosupplement 
my former letter about the double nucleus of Comet Sawer- 
thal with additional particulars. Duplicity was confirmed 
by observation on the same morning (April 5 ’88) by E. E. 
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Barnard with twelve-inch equatorial while visiting at Lick 
Observatory. Mr. Barnard’s sketch made subsequently 
from memory corresponds with mine already sent you (p. 
221, April MEssENGER) I have since examined the comet 
previous to micrometrical measures each clear morning. I 
suspected two nuclei April 11 a., M. and saw them distinctly 
April 13. On last mentioned date, the central shaft of light 
(in tail) read 4°.7, and line joining nuclei 14°.6, to north of 
zero on position circle. CHAS. B. HILL. 


Smith Observatory. Astronomers will be interested to 
notice, if not already known, that William R. Brooks, so well 
known everywhere for remarkable comet discoveries, has 
removed from Phelps, N. Y., to Geneva ,eight miles distant 
His change of place is due to the interest of another patron 
of Astronomy by the name of William Smith a resident of 
Geneva, who has provided Mr. Brooks with a fine residence 
and an Observatory delightfully situated and fully equipped 
for astronomical work. Address him hereafter at ‘Smith 
Observatory,’’ Geneva, instead of ‘‘Red House Observatory,” 
Phelps, N. Y., as heretofore. His observatory and instru- 
ments will be more fully described in a later issue. 


Photographing the Sky. The first fasciculus of the ‘‘ Bul- 
letin of the Permanent International Committee for the Pho- 
tographic Execution of a Chart of the Sky”’ has just come 
to hand. It contains much interesting matter. The princi- 
pal papers are: Regulations of the Bureau of the Perm- 
ament Committee; Method of mounting the sensitive plates 
and determining their orientation, by Mr. D. Gill; Note on 
the application of photography to micometric measures of 
stars, by Mr. T. N. Thiele. On the influence of the duration 
of exposure on the exactitude of stellar photography, by 
Mr. J. Scheiner. Then follows correspondence concerning 
the preparatory researches, by Messrs. Abney, Eder, Bak- 
huysen, Christie, Dunér, Gill, Jannsen, Pickering, Struve, 
Trépied, Vogel and others. 

The president of the bureau, Admiral Mouchez, announces 
that the Bulletin will appear whenever the bureau has any 
memoir to publish, or any important report to bring to the 
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knowledge of the savants and observatories who are carry- 
ing out the decisions of the astrophotographic congress of 
last April. 

The following list of the observatories which had up to 
March 1, 1888, ordered the instruments necessary to take 
part in the work, is appended : 

Germany—Potsdam. 

England—Oxford. 

Australia—Melbourne, Sydney. 

Brazil—Rio de Janeiro. 

Chili—Santiago. 

Spain—San Fernando. 

France—Paris, Bordeaux, Toulouse, Alger. 

Mexico—Tacubaya. 

Argentine Republic—La Plata. H. Cc. W. 





The Editor of Knowledge in the April number pays his 
respects to us, under Gossip, to the extent of considerable 
space. Wenotice only one sentence, in which he says: ‘‘ The 
editor of THE SIDEREAL MESSENGER actually asks me—an 
Englishman—how I could feel certain that the Council of 
the (Royal) Astronomical Society would reject a man 
(meaning Professor Holden) with contempt who has been 
convicted of unworthy conduct.’’ That was not the ques- 
tion asked, as the editor of Knowledge ought to know, and 
should have stated fairly. The question to him was, how 
he could certainly know, before the election of the Council 
took place, that Professor Holden would be rejected with 
contempt. The editor of the MESSENGER has never said 
nor claimed to know, that Professor Holden was “guilty of 
falsehood, chicanery and malice,’’ as Knowledge distinctly 
charges. ; 

The foreknowledge of the editor of Knowledge is a little 
too previous, and also rather bold for even an American to 
receive, who does not believe that that English gentleman 
carries the Council of the Royal Astronomical Society in his 
vest pocket. In its May issue the Observatory (English) 
has again spoken well in this matter. 


Mr. Ambrose Swasey, of the firm of Warner and Swasey, 
Cleveland, Ohio, spent a day at Carleton College Observa- 
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tory recently, on his return trip from California. He has 
employed a considerable portion of the winter months at 
Mt. Hamilton in setting up and trying the great Lick tele- 
scope, the mounting for which was constructed by the 
above named firm. Mr. Swasey gave us valuable sugges- 
tions in regard to the practical manipulation of photo- 
graphic apparatus in connection with the telescope. His 
experience with the great thirty-six-inch photographic lens, 
though limited in time, was certainly instructive. 


Messrs. Fauth & Co.,makers of astronomical instruments, 
Washington, D. C., have kindly sent us blue-print drawings 
of a mounting for an equatorial telescope with several in- 
teresting improvements invented by Mr. Saegmiiller who is 
connected with this well known firm. 


Astronomy in Rochester, N. Y., is a popular study. From 
a late issue of the Union and Advertiser these interesting 
items were taken: William M. Rebasz is the possessor of 
an excellent six-inch refracting telescope by the Clarks. 
William Streeter has asmall equatorial telescope mounted in 
an observatory of novel design. Rev. N. M. Maain has an 
equatorial telescope and an observatory, and has written 
much for the MEssENGER. H. C. Mann owns three tele- 
scopes, one refractor and two reflectors, the largest of the 
mirrors being twelve inches in diameter. Isaac Golden- 
schuhe has a six-inch reflector of excellent defining power. 
Professor Otis H. Robinson of the University of Rochester 
has a small Clark refractor of superior quality. The larger 
Clark refractor of the Warner Observatory is, however, the 
chief attraction. Its cost was $11,000; its aperture sixteen 
inches and its focal length twenty-two feet. Dr. Lewis Swift, 
more than any other, is undoubtedly the cause of this rapid 
advancement in the study of astronomy. Dr. Swift made 
Rochester his home in 1872. 


Shattuck School of Faribault, Minn., has recently secured 
an 81-inch, equatorially mounted reflecting telescope, made 
by J. A. Brashear, Allegheny City, Pa. Similar instruments 
have also been ordered from the same maker for a station in 
British Columbia, and by Dr. J. G. W. Steedman of St. Louis, 
Mo. The driving clocks for these instruments are said to 
work excellently and almost noiselessly. 
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Mars’ Satellites. It may be interesting to some of our 
readers to know how the tiny satellites of Mars look in the 
great Lick equatorial, as they have been observed night 
after night by Assistant Keeler, during the month of May. 
In conversation with a friend he recently said these minute 
bodies looked in the great refractor as bright as the compan- 
ion to Polaris does in a three-inch telescope. Mr. Barnard’s 
estimate of their brightness in April was that they wereequal 
to Jupiter’s satellites when viewed with a glass of 112-inches 
aperture. They are evidently easy objects to observe in the 
world’s greatest refracting telescope. 


Correction. On page 222 of the May MESSENGER, for the 
name of James G. Davidson, Professor Swift should have 
written James S. Lawson. 


Intersecting Rainbows. The following interesting letter 
from John G. Hagen, S. J., College of the Sacred Heart, 
Prairie du Chien, Wis., under date of May 23, contains im- 
portant observations for Hansteen’s theory of intersecting 
rainbows: 

The interesting note of Professor C. W. Prichett in your 
No. 65 on intersecting rainbows calls to my mind two ob- 
servations of the same phenomenon, which, in compliance 
with the desire expressed in the article above mentioned, I 
gladly communicate to the MESSENGER, as follows: 

In the year 1876, about spring time, two intersecting rain- 
bows were observed at sunset by several of my friends, one 
of whom was professor of physics. The station of observ- 
ation was Ditton Hall, near Widness, in Lancashire. Al- 
though I had not seen the phenomenon myself, there was no 
doubt as to the correctness of the statement. 

The second observation I quote from my observing book: 
‘Prairie du Chien, Wisconsin, May 13, 1886. Two rain- 
bows intersecting above the southern horizon at 6h 25m 
Pp. M., the one being almost vertical, the other apparently 
corresponding to the altitude of the sun. The vertical 
branch disappeared a few minutes later.”’ 

In relating these facts in the class room, I used to mention 
that in the first case the Mersey between the observer and 
the rainbow, and in the second case the Mississippi between 
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the sun and the observer, both rivers lying only some thous- 
and feet from the place of observation, probably produced 
the secondary rainbows, by reflection of the sun’s rays, 
although Hansteen’s explanation published in 1823 was un- 
known to me until I saw Herr Geelmuyden’s letter in your 
last number. 

The Tangent Index. Professor John Haywood, Otterbein 
University, Ohio, has been for some time at work on an 
instrument called the Tangent Index, which is designed to 
explain the chief motions of the earth, and to furnish some 
help to those who are studying the elements of astronomy 
and wish to be occupied only with the most important of 
those relations. We have before stated the principles of the 
instrument, and now take pleasure in calling attention to a 
very neat little pamphlet the subjeet of which is the earth 
and its chief motions and the Tangent Index. 


Wolsingham Observatory. Under date May 16, T. E. 
Espin announces, in Circular, No. 20, the observation of an 
8.1 magnitude star on the nights of May 8 and 9, R. A. 20h 
41m 7s; Decl. +44°24’ (1855). The color of the new star is 
red; itsspectrum is notcontinuous and it is not found inDM. 

Map of Solar Spectrum. At the April meeting of the 
National Academy of Sciences, Protessor Rowland of Johns 
Hopkins University presented two brief papers giving fur- 
ther studies on certain spectra. With new and improved 
instruments made at the university it is claimed that he has 
succeeded in making a much more perfect map of the solar 
spectrum than his former one. Definition of the lines is bet- 
ter, and some single lines have been divided. He also claims 
the discovery that carbon is much more widely distributed 
in the sun than has previously been known. 


The Polemic Problem. If any person is interested in the 
bibliography of the Polemic problem, send to S. C. Gould, 
Editor of Notes and Queries, Manchester, N. H., and get his 
pamphlet of 32 pages wholly devoted to this theme. It givesa 
pretty correct idea, probably, of the immense labor expended 
in finding the value of = by the aid of Cyclometry, Quadra- 
ture and Rectification. 
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Ciel et Terre of Brussels (French), has in its May number, 
a full account of the Lick Observatory, with two page cuts, 
copies of those which appeared in the Scientific American, 
The subject matter of the article is credited to the SIDEREAL 
MESSENGER. 


The Literary Magazine, April 14, has a very glowing ac- 
count of the work of Dr. T. Sterry Hunt and that of Richard 
A. Proctor, at their respective places of residence near each 
other, on the banks of Orange Lake, at Oaklawn, Florida, 
It calls the former the ‘‘ Darwin of Geology”’ and the latter 
the ‘‘ Darwin of Astronomy.” 


Progress of Astronomy during 1887. At the April meet- 
ing of the Astronomical Society of France, M. C. Flamma- 
rion, president of the society, gave the address on the pro- 
gress of astronomy for 1887. The survey of the present 
field of astronomical work was general with special refer- 
ence to new features and new instruments. 

Observations of Comet a 1888, by H.C. Wilson at Carle- 
ton College Observatory : 


Local mean No. of 
time. Ja Jo Comp. Star. 
hm s5s m s é a 
May 18 14 38 00 + 6 10.27 — 0 06.5 4,4 1 
“app. ipsa Q app. Lh ped 
h m s fa ed 
0 0311.67 9.710n +35 1112.5 0.667 


ASSUMED PLACE OF COMPARISON STAR. 

wv. 1888.0 Red. to app. ) 1888.0 Red. to app. Authority. . 
h m s . ape oe “sd 
23 57 01.70 —0.30 +35 11 29.7 —10.7 Second Armagh 
Catalogue 328s. 

A comparison of this observation with the ephemeris by 
Professor Boss in Astronomical Journal, No. 171, gives 
(c—o) da = +8.18, 46 =+ 25”. 


Pacific Earthquakes. Professor Holden of Lick Observa- 
tory, has recently prepared a list of recorded earthquakes in 
California, Lower California, and Washington Territory, 
as computed from published works and from private inform- 
ation. Especially the sources of information have been: 
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1. Printed lists of earthquake shocks in the scientific 
journals, such as the lists of Mallet, Perrey, Rockwood, 
Fuchs, Trask, and others. 

2. Accounts of earthquakes in printed books, magazines, 
and newspapers. 

3. Lists of shocks put at Professor Holden’s disposition 
by various gentlemen; specially a list by Thomas Tennant 
of San Francisco, a list by Professor H. G. Hanks, and a 
very extensive collection furnished by H. H. Bancroft from 
manuscript records. 

This valuable pamphlet of 78 pages of closely printed 
matter is the beginning of scientific work in this direction 
at the Lick observatory and the University of California. 
Instruments for accurate registration of earthquake shocks 
and tremors are now in use at other points, and systematic 
study of the regions west of the Sierras will follow. 





Dearborn Observatory. Ina recent letter from Professor 
Hough, we learn that all the astronomical instruments be- 
longing to Dearborn Observatory have been removed to Ev- 
anston, the new site of the observatory. Plans for the new 
building have been adopted, and its erection was to begin 
about the first of May, but the 18-inch equatorial 
will not be mounted before January, 1889. The meridian 
circle has been placed in a temporary building located 250 
feet from the shore of Lake Michigan. Professor Hough 
says the lake seems to have no effect on nadir observations, 
at least,a moderate storm does not disturb the images per- 
ceptibly. In case of a gale, he thinks it is possible that 
tremors would be felt. The site of the new observatory is to 
be 250 feet from the lake shore. ; 

Professor Hough is now arranging for the time service 
for Chicago from his new location. 


The Large Dome tor Carleton College Observatory. The 
30-foot dome, built by Messrs. Warner & Swasey, of Cleve- 
land, Ohio, is now being put in place at the new observatory 
of Carleton College, under the direction of Messrs. Lucas 
and Carr, employes of the above named firm. The trouble- 
some problem of protecting the observatory building while 
the dome is being set in place has been mastered in a novel 
manner by Mr. D. H. Lord, builder of the observatory. The 
temporary flat roof which has been in the place of the dome 
for the last year, has been mounted on vertical supports, 
underneath which are placed a set of jack-screws by which 
the roof is raised and lowered morning and evening easily 
in a few minutes of time. So the work is progressing rapidly 
and safely, and probably will be completed before the middle 
of the present month. A cut and discription of this new 


building will probably be ready for the next number of the 
MESSENGER. 
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BOOK NOTICES. 


The New Astronomy, Illustrated. SamMuEL PIERPONT LANGLEY. Ph. D., 
LL.D. Ticknor and Company, 211 Tremont Street, Boston. Royal 
Octavo, 260 pp. $5.00. 

This beautiful popular work on Astronomy merits the high- 
est praise for the artistic work of the publishers, and the 
value of its subject matter in the textandillustrations. The 
chapters are the Spots on the Sun, the Sun's Surround- 
ings, the Sun’s Energy, the Planets and the Moon, Meteors, 
Comets, and the Stars, together with an Index. The en- 
gravings are elegant in finish and are many of them derived 
from drawings made at Allegheny City. 

It is one more argument to show that the masters of as- 
tronomy,in their own departments, are not only willing but 
most capable of instructing and delighting the public in these 
subjects, thereby rendering the work of compilers superfluous 
to the world as well as to the profession. There will be no 
risk in asserting that all students of the sun, moon and stars 
will find help in this volume in clarifying theirideas by means 
of these illustrations; for in fact the imagination is best in- 
structed by seeing. We mention in particular the drawings 
of sun-spots. It should be also said that all students of 
Astronomy regret, as deeply as Professor Langley, the fact 
that we possess in the United States no great and well- 
eyjuipped physico-astronomical observatory. That the 
Directors at Cambridge, Princeton and Allegheny have already 
secured results which make us proud as Americans, by dint 
of their personal ability, is no reason why this state of things 
should continue. We hope that the appeal contained in Pro- 
fessor Langley’s volume will culminate in the foundation of 
such an Observatory worthy of our rank in Astronomical 
Science. F. H. B. 


Elements of the Differential and Integral Calculus, by Smroxn NEwcomp, 
Professor Mathematics in the Johns Hopkins University. New York: 
Messrs. Henry Holt & Co., publishers. 1887, pp. 307. 

The author has written this book for the use of the under- 
graduate student in a course of arts or science, and he has 
chosen about the usual matter found in most good text 
books in this delightful branch of study now found in many 
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American colleges and special schools of science. He brings 
early to notice the troublesome question how the first prin- 
ciples of this science should be presented to the mind of the 
beginner. He claims that this should be dbdne by laying 
down the logical basis on which the whole superstructure 
rests; that it is now well understood that the method of 
limits is the only rigorous basis for the infinitesimal calculus, 
and that infinitesimals can be used logically only when based 
on this method because they flow from it, ifthe theory has 
any true significance at all. 

This statement of the case is a pretty strong one. It is 
fully as positive as any given by the friends of the theory of 
limits that we remember to have seen. If all that is claimed 
is true, and that only true, then the statement is not too 
strong; but if not wholly true with regard to the origin, 
theory, and use of the infinitesimal quantity, then the claim 
is more than unfortunate for the calculus. It seems to us 
that the theory of limits offers some difficulties in explaining 
the infinitesimal. In defining Jimit the author uses this lan- 
guage nearly: 

“The limit of variable x is /, which we conceive x to ap- 
proach in such a way that the difference, /— x, becomes less 
than any quantity we can name, but which we do not con- 
conceive x to reach. An infinitesimal quantity is one consid- 
ered in the act of becoming less than any quantity which we 
can name, that is, in the act of approaching zero as a limit.” 

Now, by the definition of limit, x cannot equal /, for x can 
only approach I as a limit. Also the infinitesimal cannot 
equal o, but can only approach it, because o is the Jimit. In 
explaining the elemental operations, the increment of x (4x) 
is used, as an intermediate step, and then to obtain the in- 
finitesimal, the statement is constantly made, ‘‘ pass to the 
the limit’’ and then Jx becomes dx. This passing to the 
limit is impossible if the language of the definition be good. 
But the real question is, does Jx, in becoming dx, actually 
become o? If it does, then dx is not an infinitesimal, if o is 
the limit, and if o does not have more meanings than one. 
Whether o has more meanings than one or not, this is cer- 
tainly true, that dx is o in relation to Jx, which is thought 
of as a small finite quantity. Thereare other inconveniences 
in the method of limits to say the least, in explaining the 
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calculus which we constantly meet in the class room when- 
ever we attempt a philosophical account of the origin of the 
infinitesimal quantity. 

We like this book in many things. On every difficult point 
on which the student or teacher is likely to want knowledge 
he will find fresh help under the appropriate head. The ap- 
plications of the differential calculus are full, varied, and well 
chosen. 

The second part of the book is devoted to the integral cal- 
culus. Chapter first gives the elementery forms; the follow- 
ing chapter, those integrals immediately reducible to the 
elementary forms, and then integration by rational trans- 
formation; integration of irrational algebraic differentials; 
integration of transcendent functions, of definite integrals, 
and successive integration. The applications are rectifica- 
cation of quadrature and the cubature of volumes. The 
book is nicely printed, and there is as much calculus within 
the limits of 307 pages as the student will find anywhere 
probably. 


Some Higher Plane Curves, by JOHN BoRDEN, Chicago. 

Under the above title, the author proposes to consider some 
of the higher equations by means of their deviations and the 
curves they generate, when the ordinate is taken to be the 
first power and the coefficients are real. By root he means 
the value of x when the second member of the equation is 0. 
It is thus seen to be a value of x in a special case. 

The equation, 1°+4Aa°+Buv+C=y, if constructed for the 
successive real values of .v would show each of two quite dif- 
ferent figures. Now by use of astraight line it is evident that 
but one intersection with either locus can be made, if drawn 
according to certain suppositions imposed; by others three 
intersections are possible showing three real roots. Then by 
use of the differential coefficients between .¢ and vy which 
bring out the turning points and the law of the locus interest- 
ing results are made easily apparent. 

The cubic, biquadratic and the fifth degree equation are 
discussed respectively and methods of obtaining real roots for 
each furnished. 

This pamphlet of 75 pages will interest students of pure 
mathamatics. 
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ASTRONOMY FOR AMATEURS. A Practical Manual of Telescopic Re- 
search in all Latitudes adapted to the Powers of Moderate Instruments. 
Edited by J. A. Westwoop OLIvER, with the peg of T. W. Back- 
house, F. R. A. S., S. W. Burnham, M. A., F. R. A.S., J. Rand Capron, 
F.R. A. S., W. F. Denning, F. R. A. S., T. Gwyn soba FP. EB. AS, W.S. 
Franks, F.R. A. S., J. E. Gore, M. R. I. A., F. R. A. S., Sir Howard 
Grubb, F. R. S., F. R. A. S., E. W. Maunder, F. R. A. S., and others. 
Illustrated. rend 8vo, cloth, : ? ; ‘ $2.25 

‘‘This book supplies a real need. "_Sidereal Memenaer, 

‘The book is thoroughly practical throughout and J. A. W. Oliver 
deserves the thanks of all who are interested in the progress of Astron- 
omy for bringing together such an excellent series of papers.’’—Nature. 

[Just Ready. 

HOURS WITH A THREE-INCH TELESCOPE. By Capt. WM. NosBte, 
F.R. A.S., F. R. M. S. Honorary Associate of the Liverpool Astronom- 
ical Society, ete. With 105 Figures in the Text, and a Frontispiece Map 
ofthe Moon. 12mo,cloth, P . $1.50 

CELESTIAL OBJECTS FOR COMMON TE LESCOPES. By the Rev. T. 
W. Wess. With Map, Plates, and Wood-cuts. Fourth Edition. 


Revised and greatly enlarged. 12mo, cloth, , . ‘ : $3.00 
OUTLINES OF ASTRONOMY. By Sir J. F. HERSCHEL, Bart. Latest 
Edition, with Plates and Diagrams. 8vo, cloth, : : . $4.00 


THE MOON AND THE CONDITION AND CONFIGURATIONS OF ITS 
SURFACE. By Epmunp NEtson, Fellow of the Royal Astronomical 
Society, etc. Illustrated by Maps and Plates. Medium 8vo, 
cloth, ‘ 5 ’ : F ‘ ‘ ; $10.00 

ELEMENTS OF ASTRONOMY. By Sir RoBERT STAWELL BALL, LL.D., 
F. R. S., Andrews Professor of Astronomy in the University of Dublin; 
Royal Astronomer of Ireland. Illustrated. 12mo, cloth, , $2.25 





OLD AND NEW ASTRONOMY. By Ricuarp A. Proctor. Part I and 
II now ready. 

The work will be completed in twelve monthly parts and a supple- 
mentary section. In each there will be sixty-four pages, imperial 
octavo, many cuts and two plates, or one large folding plate. The 
price of each part will be 90 cents; that of the supplementary section, 
containing tables, index, and she 35 cents. The price of the 
complete work, in cloth, ‘ . , ‘ $12.00 

*,.* Complete ee will be sent on » application. 


LONGMANS, GREEN, & CO., 


15 EAST SIXTEENTH STREET, NEW YORK. 
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Northern Pacitic Railroad Co, 


THE SHORT LINE BETWEEN THE EAST 
AND HELENA *®° Burre, Mon. 


THE POPULAR 


Trans-Continental and Dining Car Route 


——— 


SPOKANE FALLS, PORTLAND, 
TACOMA, SEATTLE, VICTORIA, 
SITKA, ALASKA, # SAN FRANCISCO. 


Pullman Palace Sleepers ¢ Free Colonist Sleep- 
ing Cars Attached to Express Trains. 


Only Line Running Pullman Sleepers to Fergus Falls, Wah- 


peton, Moorhead, Fargo and Grand Forks. 


ONLY RAIL LINE TO THE 


Yellowstone National Park. 


For full information address 


CHAS. S. FEE, 


General Passenger and Ticket Agent, 
ST. PAUL, MINN. 
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CARLETON COLLEGE. 


NORTHFIELD, MINNESOTA. 


Full Preparatory and Collegiate Departments. 
English, Scientific, Literary and Musical Courses. 


All Departments open to Students of Either Sex. 
Expenses Very Low. 


CALENDAR FOR 1888. 
Spring Term begins Wednesday, March 28th, and ends June 
14th, 1888. 
Term Examinations, June 12th and 13th, 1888. 
Examinations to enter College, June 9th and 11th, and 
September 4th, 1888. 
Anniversary Exercises, June 10th-14th, 1888. 
Wednesday, September 5th, 1888, Fall Term begins. 


JAMES W. STRONG, President, 


NORTHFIELD, MINN. 


VICK’S FLORAL GUIDE. 


A silver lining to every cloud! With the short, dull days of early winter come the 
cheery holidays and Vick’s beautiful annual, and lo! spring already appears not far dis- 
tant. Wecan almost see the greening grass and the blooming flowers, In the way of Cat- 
alogue, Vick’s Floral Guide is unequaled in artistic appearance, and the edition of each 
year that appears simply perfect, is surpassed the next. New and beautiful engravings 
and three colored plates of flowers, vegetables and grain are features for 1888. Its lavender 
tinted cover, with original designs of most pleasing effects, will ensure it a prominent 
place in the household and library. It is in itself a treatise on horticulture, and is ad- 
apted to the wants of all who are interested in the garden or house plants. It describes the 
rarest flowers and the choicest vegetables. If you want tu know anything about the gar- 
den, see Vick’s Floral Guide, price only 10 cents, including a Certificate good for 10 cents 
worth of seeds. Published by James Vick, Seedsinan, Rochester, N. Y. 


A very fine, short focus, 4%-inch Equatorial, by John Clacy 
For Vole. of Boston. Address for particulars, 
JOHN JACOBSON, 
56 Gray St.. Boston, Mass. 


AN ASRTONOMICAL ‘TELESCOPE, cotrected object-glass, 
2% clear, with three eye-pieces and diagonal prism, tube carry- 
1 ing finder, strong stand. No better glass forits' size. Only 
reason for selling, wants a larger glass. Price complete, a 
bargain, $60.00. Address J. G. TRAGGARDH, 
P., O., & E. L. Pass. R’y. Co., Pittsburgh, Pa. 
Equatorial Telescope FOR SALE CHEAP. ., 10-inch aperture, Calver, Silver-glass 
Reflector of VERY FINE figure, substantially mounted and in 
good order. Also 
Transit For Sale Aperture 24 inches, about 30 inches lone, Bear & Co. make. Cor- 
) respondene + solicited. Address F. M. B., 257 S. Market, 
Springfield, Ohio. 
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Minneapolis & St. Leuts Railway 


ALBERT LEA ROUTE. 


TWO THROUGH TRAINS DAILLY 


From St. Paul and Minneapolis to Chicago 


Without change connecting with the fast trains of all lines to the 


EAST AND S@UTREAST. 


The direct and only line running through cars between Minneapolis and Des Moines, 
Iowa, via Albert Lea and Fort Dodge. 

Solid Through Trains between Minneapolis and St. Louis and the principal cities of the 
Mississippi Valley, connecting in Union depot for all points South and Southwest. 

Many hours saved and the only line running two trains daily to Kansas City, Leaven- 
worth and Atchison, making connections with the Union Pacific and Atchison, Topeka and 
Sante Fe Railways. 

Clouse connections made in Union depot with all trains of the St. Paul, Minneapolis and 
Manitoba, Northern Pacific, St. Paul & Duluth Railways, from and to all points north and 
northwest. 

Remember the trains of the Minneapolis & St. Louis Railway are composed of com- 
fortable day coaches, magnificent Pullman sleeping cars, Horton reclining chair cars, and 
our justly celebrated palace dining cars. 

One hundred and fifty pounds of baggage checked free. Fare always as low as the low- 
est. For time tables, through tickets, etc., call upon the nearest ticket agent, or write to 


S. F. BOYD, General Ticket Agent, 


MINNEAPOLIS, MINN. 


THE HAMMOND TYPE-WRITER. 


Highest Awards at London, New York and New Orleans. 


f Work. 


pecimen o 


Send for Catalogue 
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‘quawubly 2afsag ‘peadg pajajjpavdnn 


S 
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Among those who are using the Hammond in Minnesota are Professor W. W. Payne 
Carleton College. Northfield; W. J. Dyer & Bros., music dealers, Minneapolis; Bradbury 
& Hall, commission, Minneapolis; Archibald’s Business College, Minneapolis; C., St. P., M. 
& O. Railway, St. Paul (two machines); John Y. Hooper, stenographer, 8th district, Belle 
Plaine; Duluth Life Association, Duluth; H. F. Williams, state secretary, Y. M.C. A. 


Machines will be placed on trial with responsible parties. 


The Hammond Type-Writer Oo., Heath & Kimball, State Agents, 


77 Nassau Street, New York. 14 Fourth Street South, Minneapolis 
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Astronomical Works, 


WASHINGTON, D. C. 





TRANSIT CIRCLE ‘inch objective 16 inch circles 
EQUATORIALS, TRANSITS, MERIDIAN CIRCLES, 
Astronomical Clocks with Break-Circuit Arrangement, 
Chronographs, Level Vials reading to single seconds, Eye Pieces of all kinds, 
Micrometers, Spectroscopes, and Astronomical Outfits of every kind. Also 


all. kinds of instruments for higher Geodesy and Engineering purposes. 


me SEND FOR NEW CATALOGUE, “i 




















WARNER & SWASEY, 


MANUFACTURERS OF 


OBSERVATORY OUTFITS, 


yp 





With Patent Frictionless Mechanism for Running Gear and Shutters. 


OBSERVATORY, DOMES OF ALL SIZES, 





6-INCH EQUATORIAL. 
EQUATORIAL TELESCOPES, 
From 6-inch aperture to the largest size. 


WARNER & SWASEY, CLEVELAND, OHIO, U.S. A. 
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